This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


^    /, 


I    "boc    13  \^   .   10  >''     C 


HARVARD 
COLLEGE 
LIBRARY 


•     /I  H.. 


/  ,  •       r  .       :      .f   « '    ^    *    ■    . 


-     t. 


\''.    ^  .:  .. 

^ 

-J    .•'    . 


M^S,  1701. 
ATA 

MEETING 

O  F    T  H  E 
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S»  John  Hoskyns,  V.  P.  /»  the  Chair, 

Mr,  LowTHoRp  prefented  a  Propofal  for  Printing  an 
Abridgment  of  the  Philofophical  Tranfadions.     TTsis*^ 
Deiiga  was  approvd  by  the  Society,  and  he  was  defired 
to  proceed  therein. 
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HARVARD- 


TO    H  IS 


T   HE 


P  R  I  N  C  E, 


Lord  High  Admiral  of  England. 


{  \ 


SlJii.     ,  . . 

YO  V  Kii^al:  Higbnefss  great  GcHKie- 
fcedfion  ta:  fubfcribe  the  Statutes  of  the 
Royal  Society^:.  a&  one  of  their  Fellows, 
commands  fame  Tribute  from  every  Member. 

This, 


(  vi  ) 

This,  Sir,  I  humbly  Jbope,..will  in  fome  mea- 
fure  excufe  the  Prefumption  of  laying  thefe  Pa^ 
pers  2Xr^onr  Rojia/I/ighffe/s^AFect  .They  have 
unavdftlbfyi  in  tli^-Abridgtwent,  loft -much  of 
their  Original  Beauty :  But  the  Order,  wherein 
the  remaining  Subftance  is  diipofed,  will  give 
Your  JRoyal  Highnefs  a  nearer  Profpeffc  of  the 
CWtfe  of  thpfe  StAdies  you  have  the  Goodnefs 
to  proteCT, 

It  was  a  Noble  Defign,    worthy  of  their 
Royal  Founder j^  h^  -  Incorporating  this  Society 
to  perpetuate  a  Succeffion  of  Ufeful  Inventions  : 
But  the  difcouraging  Negleft  of  the  Great,  the 
impetuous  Contradi£i:ion  of  the  Ignorant,  and 
the  Reproaches  of  the  Unrealbnable,  have  un- 
happily retarded  them  in  their  Purfuit  of  thofe 
-great-Ends.     To  rtftore  them  therefcre  to  their 
iirft  Vigour,    is  a .  Glory  '  referved    for  Your 
Royal  Highnefs:    And' already,  Sir,  we  feel 
the  chearful  Influence  ;of  a  retuiming  Spring. 

The 


The  ;Gbfi|iiui<j4§..:y's>ur '  R(iynl  Hfghnefi  Jias 

ing  that  of  all  the  Arabian  Princes^  the  Noble 
^ycho  Brahe^  and  the  Induftrious  Hevelius) 
c^/ipt.fill^f  .ferprisiing  Pffefe/  All.;^/  and 
N^ature  will  exert  their  Powers  upon  this  Oo 
cafion,  to,  keep  pace  with  Agronomy  \  particu- 
larly, iNriw|^ir/(9>r(beirig  under  Hov^Royal  High- 
nefis  immediate  Care)  will  induftrioufly  apply 
thofe  accurate  ObfehdMions  to  all  Nautical  Pur- 
pofes,  and  by  fome  familiar  Method  deliver  the 
anxious  teamen  froqi.  die  fatal  Accidents  that 
fmjuently  attend  dieir  miftaken  Longitude. 

Thus,  Sir,  the  Mamficence  of  the  Prince^ 
and  the  Vigilance  of  the  hord  High  Adimral^ 
will  be  equally  a  Bleffing  to  the  prefent,  and 
to  all  future,  Ages. 

May 


May  Your  Eyfal  I/ighmJs'ev&t  )kieet  with 
Returns  of  Gratitude,  fuifable  io '-die ^tmiverfd 
Beneficence,    Sq  wifces,  with  greatSincerityi  Ji 
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T    H    E 


PREFACE. 


THE  Philofophical  Tranfa£tions  having  met  with 
general  Applaufe  and  Encouragement  for  many 
TearSf  it  would  be  a  needlefs  Trouble  to  give  any 
Hiftory  of  them:  'T/s  enough  to  fay,  that  many  of  the  Dif- 
courfes  were  compofed,  and  all  of  them  coUedled  and  pub- 
liflied  by  particular  Members  of  the  Royal  Society.    Ifhall 
therefore  employ  thefe  very  few  Pages,  only  to  acquaint  the 
Reader  with' my  Own  Condud  in  this  Abridgment  of  them. 
When  Ifirjl  refolved  upon  this  Undertaking,  /  had  two 
Sorts  of  Readers  m  viewy  whom  I  was  dedrous  to  ferve ; 
thofe  who  make  ufe  of  Books  for  their  private  Inftrudion 
or  Entertainment,  and  thofe  who  confult  them  in  order 
to  publifli  fomething  of  their  own.     To  a  Reader  of  the 
former  Clafs^  I  thought  it  fufficient  to  give  him  the  Sub- 
Jiame  of  fo  many  curious  Papers,   in  fuch  Order  as  would 
hefifuit  with  the  Cburfe  of  thofe  Studies  that  might  deno- 
minate him  a  general  Scholar.     Buty  for  the  Sake  of  the 
latter,  7  have,  in  the  MargWy  given  the  Title  and  Author 
of  each  Paper,  anddtreBedto  the  Number  and  Page  of  the 
Tranfadions  or  Colledions,  where  he  may  meet  with  the 
Original  itfelf.     To  the  former,  I  defigned  this  Abridg- 
ment to  be  as  ufeful  as  the  Volumes  at  large  j  and  to  ferve 
the  latter,  injiead  of  a  not  inconvenient  Repertorium  :  And 
in  the  Profecution  of  this  Deftgvi,  I  have  generally  confined 
myfelfto  thefe  Rules, 

3  I.  / 


(  XIV  ) 

I.  /  have  not  only  retained  the  Effential  Parts  of  the 
Difcourfes,  but  I  have  kept  m  many  Places  to  the  very 
Words  of  their  own  Authors,  (except  where  I  was  forced 
tn  vary  them  a  little^  to  preferve  tht  ^onned^ioft-:)  /V,  / 
thought  it  very  unwarrantable  to  obtrude  any  tking  of  mime 
under  the  Name  of  another  P  erf  on, 

II.  But  to,  fliorten  the  whole  Work,  wherever  I  found 
any  Peripnial  A^dyeiTes,  long  and  uymi^effifwy  P^^urftpm, 
or  potnp9u§  Ci,tatioj>s,  o/Bopfe^,  i?  h<im  taken  tk^  Liberty 
/tf  fupp^eft;/6t0^i  yet^  },h^y  wii^h^  if^tit^in^  tM^Forcc  rf 
the  Au^>hoi;'s.  Reafoa^g. 

^^h  / /'^v^  opukted  <3(//[Ac<;auqts<?WExtr^^  ofBoqks, 
which  now,  after  fo^  many  Teans  Publication,  fe^m  aU^oJf 
ufehfs :  Tety,  to  pidA  the-  Reader*,  ia  njinkd  of  them,  efpeci^i/yi 
fuib  a^  are  about  to  furntjh  or.  enlj^ge  their  (^i^rieS)  / 
ka-ye-  addled  a  Catalogue  at  the-  End  of  each  Chapter  to 
which  thefy  chiefly^  kelpng-,  and  I  have  alfo  direded  them  to 
fueh  Additions,  £mec;id^tion%/ ^r  Refutations,  as  ought  to 
he  confolted,  when  tJ^ofe  ^ooks  fall  ^nder  their  Examji-' 
nationi 

IV.  Ih^tie  alfo  omitted  all  Heads  of  Inquiries  and  Ex^ 

periment;s  fimply  propofedt    without  farther  Profecution ; 

believing  that  the  Anfwers  already  given  to  many  of  them^ 

and  other  Difcourfes  upon  the  fame ^  or  the  like  ^xikiys^^hy  will 

fufficiently  direB  the  Notice  of  an  Inquifitive  Reader. 

V.  The  previous  Galculatipns  of  Eclipfes,  I^unar  Appul- 
fes,  and  Satellite  Eclipfes  and  Qccultatipns ;  alfo  Tide- 
Tables,  and  mafry  other  curious  Papers  of  that  kind,  have 
long  ago  outlived  the  Reafon  of  their  Publication. 

VI.  Ml  Simple  Catalogues  o/ Natural  Curiofities  (a»  of 
Shells,  Minerals,  Plants,  Animals,  ^c.)  without  particular 
Defcriptions  of  themy    are  little  inftrudive  ,•    and  chiefly 

ferve 


ferve  to  enlarge  the  Hiftory  of  the  Mufeum,  where  they 
are  depofited :  Which  is  no  Part  of  the  Dcfign  of  thefe 
Volumes. 

VII.  /  have  commonly  omitted  fuch  Papers  as  have  been 
coWedcdikfd  Jnfi  Voltmres  i^y  Tjpeif-  mn  Atithbfs.  ^r  this 
Reafon  I  have  omitted  y^/»^  of  thofe  furprizmg  Microfco- 
pial  Difcoveries  by  the  famous  M,  Leeuwenhoeck  :  hut  I 
farther  confefsy  I  was  alfo  lefs  inclined  to  infert  them  here, 
becaufe  moft  of  them  treat  of  Sufeje£is  not  at  all  convenient 
(in  my  Opinion)  for  common  Readers. 

Vlfl.  Buty  to  do  all  the  Right  I  could  to  the  ingenious 
Authors  of  thSfe  Pa^rsj  tyhic^  the  Litait*  of-thi^  Abridg- 
ment obliged  me  to  omit,  /  have,  at  the  End  of  each 
Chapter,  annexed  their  Titles,  and  fometimes  afhort  Ac- 
count of  them. 

Tktfe  4ff^  fhf  R«tetf  fhm^  i^yrfttlly  obfhrbed  iM  the 
•whole  Cbtftk^  of  this  itdimiS  Wbfk:  therein  /  have  faith- 
fully aimed  at  Ihe  (jenetsX  Good  of  all  forts  of  Readers  j 
if  I  have'fdiled  ih  the  Perfotntericcj  Uisjor  wakt  o/Judg- 
TA€fi%  H  dif  it  Mt^t  i  Bml  dtn  Md  iofa^y  Thtlii  if  u  hn^ 
Rfideptldit  of  this  fhdll  encourage  a  tike  ADfidgmeht  of  the 
Foreign  ftiitotophlcal  Journals,  in  the  fanae  of  at  better 
Order,  it  will  much  facilitate  the  many  Difcoveries  pill 
ready  to  reward  the  Labours  ^^/^Expences  of  all  induftrious 
Promoters  ^Natural  Knowledge, 


Adver- 


(xvi) 


Advertifement  of  the  Bookfellers 


TO    THE 


FIFTH      EDITION. 


TH  E  Pbilojbpbical  TranfaSlions^  fince  the  Year  1700^  having 
been  abridged^  and  difpofed  under  General  Heads^  (after  the 
fame  Method  with  this  Work)  by  Mr.  JONES,  and  by  him  pub- 
lifhed  in  Two  Volumes:  We  diought  it  would  tend  to  make  the 
whole  complete,  if  the  feveral  Indices  of  the  Five  Volumes  were 
made  into  One;  by  which  means  the  Reader  will  have  but  one  Trou«- 
ble  in  feeking  any  Particular  he  has  occafion  for.  To  the  fame  Pur- 
pofe  we  have  thrown  the  Contents  of  the  feveral  Volumes  together^ 
and  prefixed  them  to  the  Firil:* 


irHE 


THE 


PREFACE 


THESE  two  Volumes  being  only  a  Continuation  of  a  Work, 
which  has  been  long  fince  very  well  received  in  the  World, 
it  will  be  needlefs  to  give  a  minute  and  particular  Account 
of  my  Conduct  herein :  It  is  fufficient  for  me  to  obferve,  that  I  have 
generally  followed  Mr.  Lowthorp's  Method \  not  only  as  it  is  a  Me- 
thod the  Reader  is  already  acquainted  with,  but  as  it  is  a  very  good 
one ;  that  I  have  endeavoured  to  difpofe  of  the  Papers  in  as  tolera- 
ble an  Order^  as  fuch  a  variety  of  independent  Subje(fts  would  well 
admit  of;  that  I  have  looked  upon  myfelf  as,  in  fome  Meafure,  an- 
fwerable  for  the  Reputations  of  the  feveral  Authors^  and  do  believe 
there  is  nothing  omitted,  but  what  the  Authors  themfelves  would 
have  omitted,  if  it  had  been  their  Bufinefs  to  have  abridged  them ; 
and  that  upon  the  whole  I  have  taken  an  uncommon  Care  and  Pains 
in  correcting  the  Work. 

I  (hould  not  have  troubled  the  Reader  with  any  thing  more,  if  ' 
another  Undertaking  of  the  fame  Kind  had  not  lately  appeared  in  the 
World,  performed  by  Mr.  Motte  a  Printer^  and  recommended  by 
the  learned  Dr.  Halley.  I  think  it  not  improper  to  obferve  to  thofe, 
whom  the  Name  and  Charader  of  Dr.  Hallef  may  influence,  that  his 
Recommendation  is  drawn  up  in  general  Terms,  that  he  bad  infpedted  ^ 
that  Epitome^  and  believes  it  is  done  with  due  Care  and  Judgment ; 
and  that  the  Recommendation  is  dated  July  26,  1720.  before  the 
Work  was  printed  i  fo  that  the  DoStor  has  no  Share  in  thofe  Remarks, 
which  I  may  make  on  the  Deficiencies^  Omijions^  and  grofs  Errors 
of  that  Performance. 

As  I  have  omitted  fome  Papers,  which  Mr.  Motte  has  inferted^  I 
Xhall  firft  mention  what  thofe  arc,  with  my  Rcafons  for  omitting 
them  I  and  fhall  take  Notice  of  thofe  which  he  has  omitted^  which 
arc  inferted  by  me. 

c  I  have 


{  ^^^^1  } 

I  have  omitted  Mr.  Cotes'%  Logometria^  becaufe  it  is  now  in  the 
Prefs  with  fome  other  Pieces  of  the  fame  Authon 

Dr.  Hallefs  Synopfis  of  the  jiJlroAomy  of  Comets  has  been  often 
printed,  by  itfelf,  at  the  End  of  Mr.  fFhiJlon's  PraleSiones  Fhyfico-^ 
Mathematics^  with  a  Comment,  and  with  the  Ewg-Zz/Z^Tranflation  of 
Dr.  Gr^^e^ry s  Aftronomy.^ 

Dr,  Keill's  Theorecris.  relating  to  the  Infinite  Divifibility  of  Matter 
are  printed  in  the  Third  Edition  of  his  IntroduSlio  ad  veram  Phy^ 
Jicam. 

The  Account  of  the  Contagious  Dijlemper  amongjl  tbe^  black  Cattle 
in  Italy  is  only  an  Extrail  from  2l  printed  Trcatife  fef  Dr.  Ramaz- 
zini's. 

Dr.  Drake* s  Difcourfe  on  the  ttijluince  of  Rejpifbiibn  on  the  Mo- 
tion  oj  the  Heart  is  the  Subftance  of  a  Chapter  in  the  'DoSior"^  AM^ 
tomy  of  Human  Bodies. 

Dr.  Mujgrave's  Diflertations,  on  Britain'^  having  been  formerly  a 
Peninfula^  on  the  Roman  Legions,  on.  the  Roman  Eagles,  and- "his 
Commentary  on  an  Hfcription  fbuhd  at  Arragon^  'hVe  printed  aftfioftgft 
other  Pieces  in  the  t)o6lor'%  ColleSlion  oi  Antiquities^  in  four  Voltimfes 
inOSlavo. 

Mr.  DeMoivre's  Tredtife  jD^ilf(?;^/^5^rmhasbfeenpUbli(^^  in 
Englijh^  with  confiiierable  Additipns'and  Injprovrfments :  And  thWfc 
Experiments  of  the  Ikte  IVlr.  Haukjbee^  v^hich  I  have  'omitted,  'are 
printed  in  tht  fecond  Edition  of  his  Phyfco-MechanicarExperthtenfs. 
Thefe  are  all  the  Papers  omitted  by  me,  which  Mr.  Motte  has  /«- 
ferted. 

I  proceed  now  to  inform  the  Reader  of  thofe  Vipers 'dmstted' f>y 
him,  which  I  have  injertedi  rnoft  of  which  are  ^Jifent  ho  where  ttfe, 
except  in  the  OtigmdX  TranfaSfions.   , 

Mr.  Craig's  Solution  of  a  Problem  (6n  Curves/ pfo^bkd  by  Mr. 
yohn  Bernoulli. 

A  Letter  from  Monfieur  L'Ab^/  Cbnti  to' Mr.  Leihhvtz  (c6nfcfern- 
ing  the  Invention  of  the  Method  oi  Fluxions)  wiihlKiT.  Let  initio's 
Anfwer. 

Dr.  Gregory's  Vindication  of  Mr.  J\  Gregory. 

Dr.  Taylor's  Apology  for  himfelf  againft  Bernoulli. 

Thefe  Papers,    Mr,  Motte  fays  in  his  Preface,  uvr^  intinded  ra^ 

ther  for  an  honefi  Reprejentation  of  Matter  of  F^6l'  to  Pofierity^  than 

for   the  immediate  InftruStion   of  the   Studious  in    thofe   Sciences: 

Whereas  I  apprehend,  that  they  were  defigned'  too* for  th^prejent 

Age, 


\ 


yfge^  an4  df  ^rvjffa  n^^^  his  Work,  as.nnjch,  at  leaft  as  thofc 

ome^  Papers' wly^^  has  iriferted,  which  have  been  fo  often \R^- 

printed.     But  lo  proceed  with  Mr.  Motte's  Omiflions. 
The  Account  of  Mr.  PFilfon's  Pocket-'Microfcope. 
A  Paper  on  the  pfefulneft  of  the  Obfer  nations  of  the  Occult  at  ions 
!  of  ihp  Jixt  Stars  by  the  M)on^  towards  finding  the  Longitude. 

!  The  Invention  of  mzV\v\g  Clocks  to  keep  Tiffie  with  the  Sun's  ap- 

parent Motion^  aflerted  by  Mr.  Williamfon. 

The  two  ^Experiments  of  "Mr.  Haukjbee's  oi  firing  Gunpowder  in 
VacuOy  with  the  next  of  the  Defcent  ^t  Malt-Duji  in  Vacuo,  \tt  left 
out  in  both  the  Editions  oi  his  Experiments. 

Dr.  fFallis's  Paper  on  the  Tnvention  and  Improvements  of  the  Ma- 
riners Compafs.     *  ^  .  i 

Mr.  Haukjbee's  Experiments  of  the  Power  of  the  Loadflone  at  dif^ 
ferent  Difiances  are  only  in  the  Second  Edition  of  his  Rook  oi  Expe- 
riments^ and  not  in  the jf^yij J    and  are  omitted hy  Mr.  Motley  I  in^ 
ferted  them  becaufe  they  are  referred  to  in  the'  Paper  which  follows 
them. 

A  Letter  of  Dr,  Mather' ^  from  New -England -y  confirming  an  Ac- 
count formerly  given  of  the  EfireSlion  of  Ship  CompaJJes  being  changed 
in  a  Storm  of  Thunder  and  Lightning;  this  I  have  placed  in  the 
Chapter  of  Voyages^  amongft  fbme  other  Letters  of  the  lame  Author 
from  NeW'England;  the  Particulars  9if  what  I  have  given  there  in 
onf  Paper,  are  dij^efjed  Jjy  Mr.  Motte  in  different  Parts  of  his  Work ; 
he  might  have  done  the  fame  (if  he  had  pleafed)  with  fome  other 
Papers,  >yhich  hehimfelfhas  placed  in  the  Chapter  of  Vdy ages: 

The  next  that  occurs,  is  a  reaper  of  Mr.  Derham's^  on  the  Mi- 
gration of  Birds^ 

The  large  Anatomical  Account  of  the  Elephant ,  though  it  ha§  been 
printed  (as  Mr.  Mdtte  fays)  hy  itfelf;  yet,'  as  it  is  f6me*  Tears  iince  it 
\vas  printed,  and  on  a  Subject  of  which  fo  few  have  Wrote,  it  will 
not,  I  hope,  be  thought  a  burden  to  the  fleader:  To  that  Account  I 
have  added  Mn  Lewenboecks  Obfervations  on  (he  Skin  of  the  Ele^ 
phant^  &c. 

A  Paper  of  Dr.  Lijier's  on  jan  Experiment  ^f  his  of  powdered  Blue 
pafling  the  LaSlealSy  is  omitted  by  ,Mr..  Motte^  with*  this 'Title,  A 
Letter  from  t)r.  Lifter  to  Dr.  Tancred  ^bbirifon^  commending  the 
l)0or^s  Book  pn '  Fevers ;  whereas  Dr.  'Robin/on  never  wrote  any 
Book  on  Fevers.  Blunders  o^  this  kind  are  frequent  with  Mr.  Motte^ 
and  i  take  Notice  of  this  only  by  the  by. 

c  2  '  Mr. 


Mr.  Lewenboeck's  Obfervationson  the  Fitres  of  the  Mu/cles,  and 
Mr.  Mays' %  Obfervations  on  the  T^exture  of  the  Mufcles. 

Remarks  on  a  MS.  in  Fhyjick  at  Florence, 

The  Account  of  an  IJland  thrown  up  out  of  the  Sea  in  the  Ar* 
chipelagOy  by  Monfieur  Bourguignon.  Mr.  Motte  fays,  moft  of  the 
Paiticulars  of  this  Paper  are  contained  in  Father  Goree^s  Account  of 
the  fame:  whether  they  are,  or  not,  I  leave  the  Reader  to  judge. 

Mr.  Lewenboeck's  Obfervations  on  the  Animalcula  found  on  green 
Weeds  growing  in  Water^  arc  infcrtcd  by  me,  becaufe  thfey  are  re^ 
Jerred  to  in  the  Paper  which  follows  them.  I  am  forry  that  I  have 
been  forced  to  be  fo  tedious  on  this  Head ;  but  it  will  fave  thofe, 
who  are  defirous  of  feeing  the  Difference  of  our  Performances  in  this 
Particular,  a  much  greater  Trouble, 

And  here  it  may  not  be  improper  to  remark,  that  in  the  Accounts 
of  Books  (which  are  often  given  by  the  Authors  themfelvcs)  there  arc 
fometimes  CorreSlions  and  Additions  to  thofe  Books^  extant  no  whcre^ 
but  in  the  Original  TranfaSiions :  where  any  thing  of  this  Kind  has 
occurred,  1  have  injerted  it :  thefe  Mr.  Motte  has  thought  fit  entirely 
to  omit :  the  Reader  need  go  no  further  than  to  the  End  of  the  Firfi 
and  Second  Chapters  for  Inftances  of  this  Kind. 

As  to  the  Order,  into  which  Mr.  Motte  has  thrown  the  Papers, 
though  I  have  many  Obgcftions  to  make  to  it,  I  {hall  trouble  the 
Reader  only  with  a  few ;  fufficient  be  it  to  mention,  that  he  has 
placed  Dr.  Keill's  Paper  on  the  Laws  oi  AttraStion^  and  another  on 
the  Infinite  Divifibility  of  Matter^  &c.  under  the  firft  Chapter  of 

Geometry  and  Algebra. A  Paper  on  the  Spleen  in  the  Chapter  of 

the  Thorax,  which  all  Anatomifis  have  thought  fit  to  place  in  the 
Abdomen. — An  Account  (of  Dr.  Freind's)  of  an  uncommon  Kind  of 
Convulfions^  and  another  of  Dr.  Leigh's  on  Epileptic  Fits  (which  I 
have  placed  in  the  Chapter  belonging  to  the  Difeafes  of  the  Head) 
Mr.  Motte  has  placed  in  the  Chapter  of  General  AffeSions  of  the 
Body,^  and  Cafes  not  reducible  to  any  Heads.  So  amongft  Antiquities 
he  has  placed  an  Account  of  an  Impreffion  of  a  Skeleton  in  Stone^  and 
fome  other  Papers  relating  to  the  Changes  our  Earth  has  received  ; 
which  belong  to  Natural  Hiftory^  and  might  be  placed  properly 
enough  in  the  Chapter  of  Mineralogy.  It  would  be  tedious  to  recount 
the  many  Ahfurdities  on  this  Head,  and  might  perhaps  to  fome  feem 
too  minute  and  trifling ;  who  will  themfelvcs  eafily  fee,  at  how  wide 
a  Difiance  he  has  placed  many  Difcourfes,  which  have  a  near  Rela- 
tion to  each  others   and  might  have  been  induced  to  excufe  the 

Want 
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Vfiat  of  Method^  if  the  Papers  had  not  ahtmnded  with  Miftakes  of 
Cmfeauencei  and  if  the  very  Efrars  of  the  Originals  had  not  been 
ikhhiUy  tranfprinted  in  this  Edition. 

As  to  the  Errors  in  the  Mathematical  Part,  I  (hall  not  mention 
cither  thofe,  which  he  has  copied  from  the  Originals,  or  thofc  of 
his  0WII  making,  as  it  may  be  the  Occafion  of  a  Difpote,  which  may 
be  carried  on  in  an  improper  Manner,  and  of  which  every  one  will 
not  be  a  Jndge!  I  (hall,  therefore,  at  prefent  only  mention  (what  is 
full  as  material)  the  Errors  which  occur  in  the  Figures  belonging  to 
that  Part  of  the  Work. 

In  thtfirji  Plate,  and  in  xhtjixtb  Figure,  F  is  wanting,  and  c  is 

put  for  C. In  the  ninth  Figure  E  is  wanting.— —In  the  twenty 

third  Figure  S  is  wanting,  and  T  is  wanting.— In  the  twenty  fourth 
Figure  I  is  put  for  T.— — In  the  thirty  fifth  Figure  O  is  wanting.— 
Id  the  thirty  ninths  1  is  put  for  i.— -In  tht  fortieth ^  1  is  put  for  i, 
and  B  is  wanting,-—— In  the  forty  firjl,  o  is  put  for  F.— — In  the 
forty  fecondy  f  is  put  for  c,  and  R  is  wanting. In  the  Fiftieth  Fi- 
gure, O,  m,  n,  and  the  Triangle  belonging  to  thofe  three  Letters  is 
left  out,— In  tht fifty  fecondy  k  is  left  out,  and  v  is  put  for  L.  ■  „ 
In  iht fiftyfixth  A  is  left  out. In  ih^  fifty  eighth^  (to  which  Fi- 
gure he  makes  no  Reference  in  the  Difcourfe  belonging  to  it,  but 
refers  to  Fig.  56.  by  a  Miftake)  B  is  wanting. — In  the  Figure  marked 
C  (in  the  fame  Plate)  F  is  wanting.  Thcfc  are  fome  of  the  Faults  in. 
the  fir fi  Plate  only;  other  Plates  have  as  many  Faults  $  it  is  a  conv- 
mon  Thing  with  Mr.  Motte,  to  leave  out  Letters  of  Reference^  to 
'  place  others  at  wrong  Angles,  and  to  put  great  Letters  for  the  little 
ones  of  the  fame  Signification ;  fo  that  there  are  often  in  the  fame 
Figure  two  great  Letters  of  the  fame  Signification,  when  one  of 
them  ought  to  have  been  a  little  one  i  and  fometimcs  even  Linef  and 
Angles  are  left  out 

I  chu(e  rather  to  mention  thefe  Fault t  of  the  Figures  becaufe  it 
h  \  been  advertifed  (though  it  is  not  affirmed  ^n  the  Preface  to  the 
I  ok)  that  that  Edition  contained  above fixty  Original  Copper- P late t-y 
V  kich,  if  it  be  meant  (as  I  fuppofe  it  muft  be)  of  xHm  Plates  uied  in 
tl  !  Original  ^ranfaBionSy  hfalfe  in  FaSt. 

[  (hall  therefore  confider  one  of  thefe  Original  PlateSy  which  (hall 
1j(  the  fifth  Plate  in  the  Second  Part  of  the  Work,  which  confifts  of 

Difcourleti 
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ffigdresare  thofe^  vv^itdv  weric.  cpgi^y^.  toir  the^  T^ranf0iomr  .t^ 
other  Figures  (which  I  am  to  confider)  Mfcre  Acw-engrayed  on,  th« 
fame  Plate  for  the  prefent  Occafion.  In  Pag6  loi.  of  tne  Second  Part 
there  is  an  AccounC  ^<?.  ^l'wJficb>cantainfd,  a  'Blutfib-Jlone  witjbm 
it  exfraShd  from  th  Ams  y  tjw^e  J^igijces  are  t#,  be  referred  to,  to 
explain  thisi  one  to  flipw^  i)^  ^^(ff^^^T^  the,  J^i^l.  itfelf/  anpthcr  thf 
infide  of  it  when  it.  ws[6.cut  into  twp  ]?art?>.  and  thp  other  Ti^iire  th^ 
Flumk-JioneyflnchiVf^^^mtikined:  In  the  Afor^f^^^M^.  Mottexcf^xs 
to  Fig.  4,  5,  6.  ^mben  tbgrf  is  no  JPigtfre;,  which  «  nfii^b^nd  6  /«  /A^ 
Plate:  In  another  Difcourfe  (Pag^  104.)  to  wJiJcU  tjip  f^rp?  P/^/^ 
belongs,  there  is  an  Account  of  a  iS/c»^  which  was  voided  by  StooU 
which  was  fuppofed  1p  h*ve  obftru^dled,  x^]^uBm$  communis,  l^ja- 
rim  I  in  the  Paper  it^lf^h/e  tells  ypu,  t^iat  Y  %  Jh'eifithe  Propontigfif. 
ey:a€tly  dra-mn^  whea  there  ajfe  no  f^ch  Letter?  as  \  ^  ia  tl^  fi^^, 
and  in  the  Margin  refers  to  i%.  S.  which  Figmt  ijftlqpigs  tq  jjoptfeer 
Paper,  and  is  much  larger  than  thi^  ^to^  >  ^pd  the.  Figure^  V5^hlc|i 
inthiaCafe  fliould  be  referred  to,  iias  qpN^mberjit^l,  iindis,.b,?- 
fides,  much  Ujs  than  the  5?i?w,  wjiqfe  jPrd?/>flr//t?;2^,.hefa^s,  are  e»;4Sih 
drawn.  All  thi«  Confufiau  ^rifes  from  twp  or  tfeife?  ^Figures  bpjrig  flpt 
«tt4W^^r^i/ rightly.  There  is  another  M^ftake  tpo  in'.thisyZ//;:?^  fUt^e, 
P^^^  103,  he  refers  to  tht /event h  Figure,  whep  th^r?  is  no  Fi^tfpe 
which  is  numbered  ' 7  }Jfk  the  ^/a/^;  the  Figure^  he  fhould  have  re- 
ferred to,  is  nunabered  10.— —I  fhall  take  Notice  9nly  of  one  jpiore 
Fault,  which  is  in  the  Pli^te  belonging  to  Page  ^^^  in  the  Qh^pt^ 
of  Aftronomy^  where  the  Letter  jfTis  left  out^  ag-  lyjiis  belongs  ^o  a 
Paper  of  Dr.  Hallef%^  Mr.  Motte^  I  think,  ought  in  Qratit\idjs  fpr 
his  Recommendation  to  have  taken  mpre  Care  of  it :  He  n^ay  fay, 
this  Letter  was  left  out  in  the  Original  Plate -^  bmt  this  is  not  the 
only  Letter  of  Reference^  which  has  b^en  wanting  in  the  Original 
Plates,  which  I  have  yAf/>/»/iV^. 

From  the  Mijlakes  of  the  Plates^  I  come  to  confider  the  Errors 
Mr.  Motte  has  committed  in  the  Papers  themfelvcs;  apd  as  ^n  the 
former  Article  my  Remarks  were  not  extended  beyond  two  or  three 
Plates^  fo  here  (how  large  a  Multitude  foever  prefent  themfelves  to 
my  View)  I  (hall  confine  myfelf  to  a  very  few  Pages  5  and  I  (h^\\ 
more  particularly  chufe  to  inftance  in  zfmall  Number  of  tbofe  Mis- 
takes, which  happened  to  be  fo  in  the  Tranfa&tons  themfelves, 
which  Mr.  Motte  has  copied  with  greaf  Fidelity  and  Care.  And 
happy  would  it  be  for  him,  if  tboje  were  the  only  ones  in  bis  Per- 
formance : 


(  ±l6in  ) 
fifiSintt:  '^s  BSitidti  might  4)e  mtn  faidito  ht  corneS,  rk  the 

fiiper^  "^hlffi^Wih^OIJ^n, ^k  htft6f  Sir  ydbn^FIoyerh^  (in  ;I^a/)t  JtL) 
fa' vWiich  «e-4ias^i*^^/A^^tfbWe  ^^t^irUy^'EtTtinf  i^  ;the  .Origimh  j  /w?^ 
of*MAch-dtfe1i^«%'lte^.  -TriV^AOrarmn  CantOutnior  Gratnen  Gz- 

tef/fei??.  ^P.*  i^fll.  ^Pif^gr4ke^'^^-i^(Z^d-(^itf.iot,.Zi^       have  m 

.  ^rtYf?  OyZ/^r  ""iMoe  mt^a  '^datile  Oji/;*— ^Fi^wiV— ^Pagc  ^  lo. 

for  a  Ranunculus  he  puts  h  aranunculus^  and  in  the. next i  Rage  jR^a- 

tunculus.^ — Page  213.  Syhejire  Nardum  for  Syhejiris  Nardus.^—^^ 

^rs-ibx ^Hr.^-^^-^^^        14.  Lfttc  24.  fir  Pumtury^  'htrhsi%.Fuma- 

[ter'ry^  arid  Llne^diy/Funiitirry.^ — Vage2i^J^Fi'aidtri'JCdor£orFwla 

THci^r.^^^'do  ih'ihcfQXh^PSfrt  Df  the  Work  Page  181.  Xr»^  23, 

'be  his  in  J^afpws  iridrdinatos  - fiiri  for /<fm.— —4 In  P/ir/  III..  Page 

*2;i  i.'Eitie  22.'Km/fGr'/!^£i//.^-*j--In.the^fame^P^  227.  Line 

^"^/Eiditn'hpinivnt  Jovef  iov  fd*tet:^ — 2Psgci26o.  Line  ^.z.Exortam 

'Tti^lhnem.^^^^^ln  'PANiVjViAgG  16.  7</yi/^  Tejiuda  refonare.Septem 

'Cdltda  jNer'bf-S',   and  a  Ihtie  Uciwer  Cordas  for  Chordas.  Page  247. 

'Mnc  '31..  Gldndufa  '^Mufc^ise^  for  -Mucofa.     I  had  not  taJten*  notice  ^f 

•fi^*Erfors,\if^hcy -had  not  be^n  -^Z/of  them  (aaiongft  a  very  larce 

•Nt<nibcr  bf  ^rrW^r  Confcquence)   Errors  in    tht' Originals,  them- 

'%li^es :  AiirfTfchtircly  fubmit  it -to  the  Judgment  bf  the  Reader^  how 

*rir^2r^/^'Mr.^M>>/^ltiUft*'be  of-puW  a  Work  ctxrre^,  who 

•"^'hias  copied  BrWrs  fo  ' grofs -^md  glarings  and  fo  eafily  to  -be  diftin^ 

guifhed.     No  one  can  think  me  under  any   Obligations  to  corrcdfc 

any  more  of  his  Miftakes :  By  what  I  have  already  mentioned,  1  have 

given  him  an  Opportunity  of  correcting  Jbme^  as  particularly  thofe 

of  the  Plates  3  which,  as  they  may  be  foon  correded  and  altered,  I 

defire  the  Reader  (who  has  thofe  Books  already)  to  take  Notice,  that 

thofe  Faults  are  there  at  prefent.     Mr.  Motte  in  his  Preface  (as  if 

confcious  of  his  Errors^  in  order  to  excufe  the  ImperfeSiions  of  bis 

j^orjf/pleads  the  Numoer  of  Papers^  and  Variety  of  SubjeSls ;  I  am 

very  ready  to  admit  of  his  Excufe :    And  (as  I  have  found  the  £<2- 

tin  Papers  more  faulty  than  the  reft)  I  beg  leave  to  offer  another. 

The  Variety  of  Languages.^— -^Nov  is  even  the  low  Work  of  his 

Indestes  free  from  Mijlakes:    In  the  Index  of  the  Authors  NameSy 

as  he  had  given  to   fome  wrong  Titles,    fo  he  has  left  out  near 

twenty  Names  entirely. 

But  that  Part  of  his  Management  of  this  Work,  to  which  I  could 
make  the  moft  Objections,  is  what  I  muft  not  give  myfelf  leave  to 
make  any  Remarks  upon  5  which  is,  the  unwarrantable  Liberty  he 

has 
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has  taken  in  fame  Papers  of  omitting  fome  Things,  ivfaich,  I  thinks 
deferved  more  Regard  than  he  has  paid  to  them.  But,  as  it  might 
give  Offence  to  others,  I  muft  deiift  from  being  particalar  on  that 
Head :  Though  I  can  with  great  Coniiftence  at  the  fiime  Time  af*- 
firm,  that  I  might ^  have  taken  the  Liberty  of  omitting  fome  Things 
which  I  have  inferted^  if  I  had  not  thou^t  that  I  had  met  with  aa 
Adverfary,  who  would  place  his  chief  Merit  in  reprinting  all  that 
came  to  his  Hands. 

And  now  I  think  it  is  high  Time  to  come  to  a  Conclufion,  and 
to  make  an  End  of  this  ungrateful  Tafk  of  Criticifing :  And  as  in 
making  thofe  Remarks,  which  I  thought  neceffary^  I  have  abftained 
from  all  perfonal  RefieSiiom^  and  have  confined  myfelf  to  tbofe^  which 
more  immediately  arife  from  the  Performance  itfelf ;  fo  I  (hould  not 
have  been  iofree  as  I  have  been  in  my  Animadverjions^  if  Mr.  Motte 
had  not  fpoke  of  me  in  his  Preface  in  fuch  Terms,  as,  I  think,  I  have 
a  juft  flxception  to.  I  have  faid,  I  think,  enough,  to  fatisfy  thofe, 
who  have  not  feen  his  Performance;  and  to  thofe,  who  have  but 
looked  into  it,  all  that  I  have  faid  is  needlefs:  And  as  the  World  has 
been  beforehand  with  me  in  their  Cenfure  of  this  Work,  I  (hall  leave 
him  to  enjoy  thofe  imaginary  Advantages^  which  may  accrue  to  bim^ 
felf  and  the  Public  from  his  Performance  (Preface,  p.  5.J  Neither 
fliall  I  any  farther  indulge  the  ill-natured  Pleafure  of  triumphing 
over  an  expired  Author. 
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C   H    A    p.       I.  ,     i         > 

Geometryj  Algehra^  Ar'tthtnetick^  LogaMmotechny, 

I.  i-fSSSSSR^  ^^  ^^^^  ^  formerly  coDliderM,  about  thq  laiprovemeni:  j>.  j.  peu*. 
of  the  Mathematical  Sciences,  the  Refult  was  chiefly  this.  '^'/^  ^ 
While  Men  are  deftitutc  of  Inclination,  Genius,  Afliftances,  \s%%!FbiL  CtL 
and  Leifure  neceflary  for  thefe  Studies,  no  wonder  if  they  n.  5.^  117. 
make  no  greater  Progrefi  in  them.    Therefore  it  fecms 
__^^^^_^___  probable  to  me,  that  by  the  Help  of  the  following  Means, 

a  tolerable  good  Remedy  may  be  found  for  this  j^vif.    That  iis,  if,       .    , 

%.  I.  A  Mathematical  Monitor  (as  we  may  call  it)  beconipiaBiM,  which  txiay 
give  proper  Anfwers  to  thefe  three  Queftions.  i.  What  AdVani»^ Vond  of 
.   Voi.  I.         •      •     '      •         B  ^        '  'what 


whatKind,  may  be  expeded  from  the  Study  of  Mwhematicks?  ts  WhatHelpi 
ai^  now  in  being  for  attaining  fb  advantageous  a  Knowledge  ?  3.  What  Order 
is  to  be  obferved  in  making  ufe  of  thofe  Afliftances  ?  Therefore  this  Monitor 
ihould  contain, 

1.  An  eafy  and  perfpicuous  Difcourfe  upon  the  Linuts  or  Extent  of  the 
Mathematical  Arts,  and  of  the  confiderable  Advantages  that  will  accrue,,  not 
only  to  the  Ferfons  themfekes  that  iftudy  them,  biit  likewife  to  a  Nation  that 
abounds  in  (kilful  Mathematicians. 

2.  A  Catalogue  of  Mathematicians,   and  of  Works  publiflied  by  them  ; 
which  is  to  exhibit,  i.  A  Synopfis  of  all  Kinds  of  Mathematical  Books,  whe- 
ther fuch  as  are  already  publiih^d,  or  fuch  as  are  yet  unpublifliM,  and^  being  m 
Manufcript,  lie  concealed  in  publick  Libraries  ;  proper  Numbers  or  References 
being  affixed  to  every  Kind.     2.  A  Chronological  Catalogue  of  all  the  celebra- 
ted Mathematkians,  diipofed  according  to  the  Ages  in  which  they  fiourilhed  ; 
always  fubjblning  the  Year  <Jf  our  Lord  in  which  their  Works  were  firft  printed^ 
3.    A  Catatogue  of  the  fame  Works,  according  to  the  Series  of  Years   in 
which  they  were  printed  in  any  Language.     In  digefting  of  which  I  would  pro- 
ceed, in  fuch  Manner,  that  marking  the  Year  of  our  Lord,  I  would  add  (as  in 
common  Catalogues)  the  Names  of  all  the  Mathematical  Books  that  were  pub» 
lifli'd  that  Year,  in  any  Country  or  any  Language^  1.  Shewing  in  each  how 
much*  the  Volume  contained,  by  marking  not  only  whether  it  was  in  Folio, 
Quarto,  fcfif.  but  the  whole  Number  of  Pages,  fo  that  the  Bulk  of  the  Work 
might  eafily  be  known.    2.  Before  the  Title  mentioning  the  Year,  to  whicli 
any  one  might  turn  back^  wKo  Ihouldr  defire  to  know  when  the  Book  was 
wrote,  and  when  it  was  laft  publifhed  in  any  Language.     3.  Marking  in  the 
Margin  after  the  Title,  i.  The  Year  in  which  any  Work  was  laft  printed. 
2.  The  Number  referring  the  Reader  to  the  Synopfis,  which  was  given  in  the 
firft  Page  of  the^  Catalogue.  Now  by  the  Help  of  thefe  Numbers  any  one  might 
eafily  and  readily  ran  through  all  the  Mathematical-Books  belonging  to  one 
Subjea. 

f.  -Aft-^Adnaottitton^to  the  Studiowy  which  ^M^e^hebftft -Books  Mcvery  Kind, 
in  what  Order  and  Method  they  are  to  be  read,  what  is  to  be  cbolen,  and  what 
omitted  in  reading  fome  of  the  minon  Mathematicians,  how  we  are  to  proceed 
lb  as  to  retain  every  Thing  in  Memory, 

4.  An  Bxhortation  and  Encouragement  to  all  thofe,  who  are  fufficiently  pro- 
Tided  with  Wealth,  Opportunity,  and  Ingenuity  for  the  Purfuit  of  thefe  Stu* 
iies^  that,  1.  Having  Regard  to  the  great  Advantage^  thatredound  from  hence 
not  only  to  themfelves  but  to  all  Mankind  in  generaL  2.  As  likewife  to  that 
pure  ^nd  fincere  Pleafilre  which  arifes  from  the  Search  of  hidden  Truths,  and 
from  ftriving  with  difficult  Problems  and  the  Conqueft  of  them  5  that  they  may 
fcrioufly  apply  themfelves  to  the  Advancement  of  Science,  and  fo  much  the 
rather,  as,  3.  More. expeditious  Methods  are  now  found  out  than  were  knowa 
to  our  Anceftors;  which 'jfivfc  us  much  Labour,  Time,  andExpence.  Then 
an  Exhortation  to  all  fuch  as  are  eminent  for  fettin^  a  right  Value  on  thefe 
Studies,  and  are  likeWife  diftinguilhed  for  Power  and  Wealth  (which  furely 
may  be  made  inftiumen&l  to  perpetual  Fame,  if  prudently  difpenfed)  that  they 

maw 
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tMjr  heeOQie  Famens  to  ingenious  Men  of  this  ^ind^  bv  propofipg  Iwid&iRf 
levaids  to  the  moft  deferving  of  th^m»  to  encourage  tnem  to  complete  fuch 
Oilboveries  as  their  own  Genius's  may  prompt  them  to,  Laftly,  to  all  Princes 
ifld  Commonwealths^  who  cannot  eafily  procure  a  greater  Ornament  to  their 
Dominions,  than  by  making  it  their  £ndeavour»  i^  That  they  may  abound 
with  Peribns  (killed  in  thcfe  Arts.  2.  That  the  Way  leading  to  them  may  be 
fliade  as  little  laborious  and  expenfive  as  poflible.  3,  That  Mathematical  Ge- 
nius's may  be  more  publickly  known,  and  meet  with  fuch  Encouragement  as 
they  fhall  deierve.  « 

For  this  end  it  with  be  very  neceflkry  that,  ^'^ 

\.  %.  A  Publick  Library  may  be  founded,  wliicb  may  be  furniih*d  with  all 
the  Books  abovementioned,  and  with  one  Inftrument  of  every  Sort  that  has  been 
yet  invented ;  and  befides  may  have  an  Endowment  fufiicient,  1 .  To  purchafe. 
Q^ies  of  all  the  mathematical  Books  that  Ihall  be  yearly  publifhM.  any  where' 
abroad,    z*  To  maintain  a  Library-keeper,  whofe  Bufinefs  it  Cho^ld  be, 

1.  To  read  over  all  the  Books  of  this  kind,  which  are  publilh'd  in  his  own 
Country,  i  •  SupprelTing  thofe  which  are  not  wrote  according  to  the  Rules  of 
Art,  that  their  Miftakcs  may  not  lead  their  Readers  into  Error .  2  ♦  To  admb- 
nifh  Authors,  left  they  (houki  only  republiOi  Things  already'  known,  ^nd 
trcatedof  by  others. 

2.  On  Peril  of  their  Reputation  that  they  fhould  approve  of  (potable  Inven- 
tions, and  heartily  recommend  the  Inventors  to  proper  Patrons.. 

3 .  To  receive,  to  enter  into  their  Catalc^ue,  and  difpofe  in  tKcjr  proper 
Repoilrories,  one  Copy  of  the  Books  fo  read  over  i  when  prefented  to  the  Li-, 
brary  well  bound  up  at  the  Charge  of  the  Author  or  Bookfeller* 

4 .  To  give  a  civil  and  ready  Anfwer  to  any  ftudious  Perfon,  who  (hall  con*, 
fblt  him  about  any  Problem,  whether  it  is  already  iblved  or  no  i  left  he 
ibould  attempt  any  Thing  that  is  well  done  already,  oron  the  contrary  fupprefi 
bis  Difcoveries,  out  of  Fear  they  may  be  already  known,  and  perhaps  diicuiled 
in  feme  of  the  l^ks  of  the  Library.  . 

5 .  To  receive,  &c.  all  Manufcripts  that  may  be  prefented  to  the  Library, 
or  bequeathed  to  it  by  Legacy. 

6 .  To  keep  a  conftant  Literary  Correfpondence  with  all  Perfons  of  this 
Kind,  that  refide  in  foreign  Countries  (  left  he  {hould  be  ignorant  of  what   ^ 
Books  are  publi(h'd  there. 

7 .  To  take  Notice  among  his  Countrymen,  who  are  fitteft  and  moft  expert 
10  inftrudling  others  in  thefc  Arts. 

8 .  To  have  an  Acquaintance  with  all  kinds  of  Artificers,  who  excel  in  the. 
conftrufting  of  Mathematical  Inftrumenu  and  Cpntrivances,  whether  they  work 
in  Wood,  Loadftones,  Metal,  Olais,  Csfr. 

9 .  After  a  fair  Trial  to  give  their  Teftimony,  both  of  fpcculative  Know, 
ledsand  prafHcal  Dexterity^  to  pradical  Men  of  all  Kinds,  wbethi^  Maftera 
of  ^ips,  Swrvcyors,  Accomptants,  C^r,  that.foch  as  have  Ocoafipn  for  this 
Kind  of  Men  may  not  be  impofed  on  by  igporant  Pretcoders,  to  their  great 
Loft.  ... 

B  a  The 
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'  The  Catalogue  wiU  eafily  itifonn,  which  in  fuch  a  Muldtode  of  Books^that. 
ilmoftpyerwhelin  the  World,  belong  only  to  this  Kind  of  Study.    The  Li-' 
firary  Will  (*>iKibit  aCbpy  of  every  fuch  Book,  and  inform  where  onore  Copies 
ipay  be  bdiight.    It  will  alfo  tea  Kind  of  Storchoufe  both  to  Natives  and  Fo- 
rfcigners^,  whence  they  may  eafily  learn,  what  Afllftances  that  Country  can  fup- 
ply  to  thefe  Studies.       . 

And  this,  in  my  Opiniqm,  is  the  rcadieft  Way  of  (naking  ufe  of  the  Helps 
we  are  already  in  PoffeflSon  of.  If  niore  are  wanting,  it  will  be  ncceflary,  that 
by  the  Affiftance  of  fkilful  Artifts, 

,  5.  3.  The.three  following  new  Treatifes  may  be  compo&d  and  puMilhed. 
'  I..  Mathematical  Pandefts,  containing,  as  perfpicuouuy,'  methodically ,xota- 

SendiouAy;  ind  ihgenioiifty  as  can  be  done,  whatever  may  be  colled:ed,  or  dc-: 
uced  by  Wjayxtf  Corollary,  from  the  Mathematical  Books  or  Difcoveries  made 
before  dur  Time  5  quoting  the  moft  ancient  Authors  in  which  they  are  found* 
at  the  End  of  every  Period  or  Propofition;  and  fo  marking  in  all  the  following, 
^uthors  where  they  have  been  caught  in  a  Theft;  or  where  they  have  borrowM 
Without  mailing  any  Acknowledgment,  or  (what  is  worftof  all),  have  boMiy 
claimed  to  themfelves  the  Inventions  of  others.  By  this  means  that  large  Li* 
bfary^  would'  be  cpntrafted  into  a  much  narrower  Compafe,  to  a  great  faving 
of  Labour*  Time,  and  Expence  for  thofe  that  come  after ;  and  this  much  more^ 
than  any  one  would  imagthe  at  prefent.  But  ftoW  fince  this  Work  wouldiiardly 
make  a  portable*  Volilmc,  there  fhould  be  prepared  alfo, 

"^  ^.  A  Matheniatical  Companion,  containing;  in  a  Manual  (and  therefore  as 
coitcffefy  Wiiiay  be)  all  the  mpft  ufeful  Tables,  with  Precepts  to  Ihew  theijv 
Application  |tofolving  of  Problems,  whether  of  pure  Mathcmaticks,  or  applied, 
to  other  Subjedb. 

Finally,  that  we  ma;^  not  always  be  confined  to  Books  in  this  Kind  of 
licarning,  there  fhould  be  contrived,  ^ 

^  3.  The  Sclf-ftfficient  Mathematician^  or  an  Inftruftion  to  fliew  how  any 
Mathematician,  who  is  no  Enemy  to  Labour,  may  acquire  fo  much  SkiU,  thac 
without  the  Affiftance  of  Books  or  Inftruments  he  may. attain  the  Solution  of 
any  IVlathematical  Problem,  and  that  as  eafily  as  another  would  folve  it  by  turn- 
ing over  Books,  -x.:     i     : 

'  And  thfsisrhat  Idea  of  Ma'tliematicks  which,  in  my  Manner,  I  have  long 
ago  figured  to  myfelf;  being  always  firmly  perfuaded,  that  dien  only  wc  can 
hbpe'for  Afliltancc  in  great  Undertakings^  when -we  have  conceived  an  exaft 
Idea  of  them  in  our  Minds^  and  of  the  moft  appofite  Means  of  putting  theo) 
in  ExeciirtionV  And  if  we  cahhot  exprefs  this  Idea  in  faft,  yet  it  is  fomething 
to  come  ^  near  it  as  may  tri^.  I  imagine  this  is  fo  far  firom  being  above  hu«> 
man  Ppwer,  that  I  think  tl^e  Induftry  of  one  Man  alone  to  be  equal  to  it,  whq 
is  not  hinderfed  by! 'his' own  domeftick  Afiairs,  or  immericd  in  a  Multitude  of 
bufy  Cares.  For  it  is  evident  that  the  Library  and  Catalogue  may  eafily  be 
proviiderfi  if  MoAey  is  not  ^antiitg.  And  as  to  the  Pande6ts  above  defcribed, 
n  the  Tafk  of  compofing  them  Were  committed  to  me,  I  fhould  impofe  upon 
my felf  much  feverer  Conditions  than  I  have  mentioned  there.  For  firft  I  woul4 
'  ■  delineate 
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defincatc  the  infallible  Procefs  of  human  Reafon  in  the  Inveftigatioh  of  what- 
ever it  propofcs  to  itfelf,  by  fhcwing  how  it  proceeds  from  the  firft  Principles 
or  Rudiments,  by  an  uninterrupted  Chain,  to  the  moft  fublime  as  well  as  the 
loweft  Application  of  them.  Which  Art  perhaps  Men  would  not  be  long 
without,  if  hereafter  they  fhould  carefully  examine,  by  what  Means  fuch 
Thoughts  have  arofe  in  the  Minds  of  certain  Men  whom  they  admire,  how  fuch 
apt  Means  have  been  found  out  to  attain  fuch  an  End.  How  thefe  Pandefts 
may  be  abridged  into  a  Manual,  fuch  as  may  be  fit  for  common  ufe,  may  not 
be  difficult  to  underftand.  But  fo  to  fix  them  in  their  Minds,  that  they  fhall 
have  no  farther  Need  of  Books  (which  is  what  is  aimed  at  by  our  felf-fufficicnt 
Mathematician)  will  be  thbught  by  moft  to  exceed  the  Power  of  the  human 
Mind;  fince  no  one  that  know  of  has  yet  ventured  to  conceive  fuch  a  Thing 
in  his  Mind.  Yet  I  believe  that  Men  will  difmifs  fomething  of  their  lacredu*. 
lity,  when  they  confider  ferioufly  with  thenvfclves  what  Arts  have  been  found 
out  for  ftrengthening  the  Imagination,  for  aSifting  the  Memory,  and  for  di- 
redHng  the  Reaibning  Faculty,  and  what  wonderful  Efiefts  may  be  produced 
by  their  ConjunAion  and  conftant  Exercife. 


2.  It  ieems  to  me  much  more  advifeable,  if  Inftead  of  all  that  Apparatus,  ccnfider^d,  oa. 
which  the  Author  erf*  the  Idea  propofes,  about  collefting  the  various  Writings  1639,4)?  Mcr- 
of  the  Mathematicians,  only  the  beft:  and  moft  deferving  were  fdefted.    And  f"^""*'  '*"^^* 
firft  ihofe  ancient  Authors  ftiould  be  chofen,  whofe  Works  are  ftill  extant;  as 
Euelidj  jlpolloniusy  jfrcbimedesy  TbeodofiuSy  Pappus^  Ptolemy^  \(rith  their  other 
Fragments  and  Manufcripts  which  have  not  yer  fcen  the  Light,  fome  of  which 
are  in  Golius's  Cuftody  at  Leyden^  and  fome  are  preferved  at  Rome,     Then  the 
more  modern  may  be  added  to  thefe,  as  Vieta^  Clavius,  and  our  Herigon.     In 
h'ke  manner  among  the  Opticians,  fhould  be  chofen  Vilellio^  Kepler^  Jquilonius^ 
,and  Dom.  de  Villes.   Among  Arithmeticians  after  Dlapbantus^  r{ie  beft  are  Car- 

I  dan^  Tartagleay  and  your  Countryman  Nepper.     For  Spherical  Triangles,  and 

their  Computation  by  Logarithms,  you  have  jBnfgyj,  Gordariy  PitifcuSy  Snellius^ 
and  our  Morinus.  For  Aftronomical  Matters,  after  P/^/p«iy  and  fome  Arabians ^ 
all  thoie  fhould  be  procured  who  have  compofed  Tables,  as  Alphonfus^  J^bn 
RegwmontanuSy  Kepler^  and  our  Duretus.  And  to  be  brief,  for  Fortification 
and  Mufick,  eight  or  ten  Authors  might  be  leledled,  who  have  moft  excelled  in 
the  Pradlice.  In  like  manner  for  Mechanical  Aflfairs,  the  Forces  of  Motion, 
Machines,  and  Water-works ;  fo  that  ten  or  twelve  Authors  being  perufed, 
thole  that  are  curious  in  fuch  Matters  may  be  eafily  fatisfied.  And  if  twelve 
Men  of  good  Underftanding,  having  a  friendly  Correfpondence  with  each  other,^ 

j^        would  take  this  Af&ir'upon  them,  fo  that  each  of  them  might  compofe  a  Trea- 
tifc  upon  a  Science,  in  one  convenient  and  pcrfpicuous  Volume  -,  fuch  Things 

^  being  fupplied  as  are  wanting  in  others,  and  unneceflary  Things  being  pared 

away ;  without  doubt  we  might  have  in  twelve  Volumes,  in  a  ftiort  and  ner-r 
vous  Manner,  all  that  could  be  defired  in  this  Matter.  And  in  my  Opinion, 
whatever  belongs  taMathematicks,  either  pure  or  mixt,  might  be  comprehend- 
ed in  thofe  twelve  Verfumes.  So  one  might  deliver  all  the  neater  Part  of  Philo- 
fophy  in  three  Books,  and  all  the  liberal  Arts  or  mechanic  Acts  in  three  mores, 

(o 
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fo  that  Learning  might  be  attained  at  a  fmall  Price.  Now  P$  to  Matheipatieal 
Inftrumencs,  it  would  be  of  little  Confequ^nce.  to  have  an  Apparatus  of  all  that 
have  hitherto  been  invented.  It  would  be  better  to  have  fouror  6ve  which  are 
beft  in  their  Kind,  and  which  ihall  be  judged  to  be  more  convenient  than  my 
other, 

^fty^^^'^*  3.  If  I  underftand  you  right,  learned  Sir,  you  approve  of  ail  1  have  faid^ 
Tj^; ' '  '^*  only  you  think  I  require  a  greater  Apparatus  than  is  ncccflary.  You  arc  of 
Opinion,  that  not  all  the  Mathematical  Books  and  Inftruments  ihould  be  col- 
lected, which  I  contend  for,  but  only  the  bqft  .ftould  be  feleAed.  I  fliould  not 
oppoie  this  your  Opinion,  if  it  was  agreed  on  by  all,  in  fuch  a  Multitude  of 
Authors  which  was  the  beft,  which  Ihould  have  the  Preference  before  all  others  i 
and  if  I  had  this  only  in  view,  that  fomething  of  Labour  and  Expence  might  be 
£ived  to  the  Studious  in  thefe  Arts,  But  fince  I  made  it  my  Wifli,  to  have 
the  moft  perfed  Foundation  for  the  wholi?  Ambit  of  the  Mathematicks,  I  ought 
to  delineate  no  other  Scheme,  than  what  might  completely  anfwer  fuch  a  De* 
fign.  The  principal  Part  of  fuch  a  Defign,  as  I  perfwade  myfclf,  muft  confift 
in  fuch  an  univerfal  Library,  as  I  have  defcribed,  I  ought  not  to  dcfpife  any  At- 
tempt, much  lefs  to  condemn  any  one  unheard,  that  Ihall  throw  in  his  Mite, 
and  endeavour  to  promote  this  Undertaking.  And  iff  may  give  my  Judg- 
ment, the  moft  trivial  Writing  or  Mathematical  Inftrument  (hould  be  pre* 
ferved,  one  Copy  at  leaft  even  for  its  Errors,  in  fome  certain  accefTible  Place 
of  every  Country.  For  we  fee  many  Things  that  have  been  ingenjioufly  invent- 
cd,  in  the  ruder  Inftruments  of  former  Ages,  which  are  now  not  only  worthy 
of  obferving,  but  even  of  being  imitated  :  As  fome  Writers  of  a  lower  ClaJs 
may  give  very  good  Hints,  andafllft  the  Invention  of  tbofe  of  a  happier  Ge-» 
niusi  for  we  can  often  point  at  an  Excellence  which  we  cannot  arrive  at  our* 
fclvcs,  We  fee  many  Lemmata  that  have  been  well  dcmonftratcd  by  this  Kind 
of  Writers  i  yet  bccaufeoffome  one  fundamental  Fallacy,  their  whole  Super- 
ftrufiure  has  come  to  the  Ground,  '  If  you  think  many  are  to  be  rejected,  as 
well  for  their  Trifling  and  Verbofity,  as  for  Error  and  falfc  Conclufions  i  you 
ihould  confxder  how  different  are  the  Notfons  and  Tafte  of  Mankind,  nor  Ihould 
you  eftimate  others  by  your  own  Sagacity.  For  there  are  fome  who  can  un» 
derftand  nothing,  unlefi  repeated  to  them  an  hundred  Times,  and  thatajmoft 
in  the  fame  Words  1  tbofe  Tautologies  therefore  are  adapted  to  this  Sort  of 
People.  And  bccaufc  we  muft  always  begin  from  Things  more  known,  but 
the  fame  Things  are  not  more  known  to  all  1  we  muft  make  very  different 
Beginnings  t  So  that  you  can  hardly  find  a  Learner,  but  who  may  be  aiUfted 
by  a  rude  Inftrument  or  unpolifted  Author,  and  therefore  he  that  undertakes 
the  OfHce  of  a  Mathcmaricai  Monitor  fhould  not  be  ignorant  even  of  thefe. 
So  that  the  complete  CoUeftion  of  Books  before-mention'd  feems  to  me  to  bo 
quite  necefiary. 

Now  the  more  I  am  difpleafed  with  thofe  minute  Mathematicians,  the  nK)re 

I  ihould  wiih  for  a  Library  of  this  Kind,  as  bein^  the  only  Method  of  curing 

that  licentious  Itch  of  Scribbling.    For  thofe  prating  Pretenders,  ever  trifling 

•     in  a  ckiUiib  Manner,  while  they  woukl  ieem  to  accommodate  themfelves  to 

the 
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Ae  CaptcitjF  of  Yowh  j  may  fee  that  there  are  already  more  than  enough,  who 
bve  compiJed  Rudiments  of  this  Kind«  And  they  who  fondly  aim  toadirance 
die  Mathematical  Sciences  by  an  Infinity  of  new  Diicover ies,  when  they  fee  Co 
many  empty  Paradoxes  which  have  been  condemned  and  Jaughed  at  by  the 
Publick,  may  uke  Warning  by  the  Mifcarriages  of  others.  Bus  efpecially  the 
Plagiaries,  thofe  Pefts  of  all  good  Literature,  will  not  have  the  Impudence  to 
vend  as  their  own  any  old  Books,  or  any  Part  of  them,  which  perhaps  have  not 
been  printed  more  than  once.  On  the  other  hand.  Men  of  Candour  and  Inge- 
nuity, able  to  deliver  th^ir  Thoughts  in  a  handfome  Manner,  when  they  fee 
fo  many  have  gone  before  them,  on  almoft  every  Subjed,  will  becaution'd  not 
to  produce  any  Thing  to  the  Publick  but  what  is  new  and  their  own.  Now 
whBt  has  been  treated  of  already  may  he  eafily  known,  either  by  confulting 
fuch  an  ample  Library,  or  if  they  will  not  be  at  this  Trouble,  they  may  be 
inforro^'d  by  the  Library-keeper  bimfelf,  to  whofe  Cuftody  I  have  committed 
it.  And  thefe  are  the  Reafbns  in  general,  which  I  cannot  retcad,  why  I  fhould 
prefer  fuch  an  Univeifal  Library  as  is  above  defcribed« 

4.  I  had  no  Iboner  read  your  Letter,  learned  Sir,  but  I  became  wholly  yours,  aion  o/Mer&T 
and  was  ready  to  iubfcribe  to  your  Opinion,  which  I  intirely  approve :  And  °J''  ^'^J,% 
likewife  ^  tmufual  Ardour  of  Mind  hurried  me  on :  ib  that  I  would  recom^  hj?' 
mend  this  Undertaking  of  yours,  great  as  it  is,  to  the  great  ones  of  the  World, 

if  I  could  hav^free  Accefs  to  them.  But  where  is  the  King,  that  will  make  a 
Beginning?  For  I  cannot  but  call  it  a  truly  Royal  Defign. 

5.  I  in^ieAed  the  Mathennatical  Idea  only  by  the  bye,  and  now  only  remem-  a^dJ^I^^m 
bcr,  that  I  found  nothing  in  it  from  which  I  fhould  diffent;  and  I  much  *P*  J-^J^^^^ 
proved  that,  firft,  an  Inventory  of  the  whole  Mathematical  Furniture  was  there /i^ 
exhibited,  and  then  the  Self-£ufficient  Mathematician  was  de&ribed,  as  contain- 
ing every  Thing  in  himfelf     Almoft  in  the  fame  Senfe  I  am  ufed  to  diftin- 

guiih  two  Things  in  the  Mathematicks,  the  Hiftory  and  the  Science*  By  the 
Hiftory,  I  mean  all  that  is  already  found,  and  is  committed  to  Books.  And  by 
the  Science,  the  Skill  of  refolving  all  Queftions,  and  therefore  of  finding  by 
one's  own  Induftry  whatever  can  be  found  by  human  Ingenuity  in  that  Science* 
He  that  poflefles  this  Faculty  does  not  much  want  Foreign  AlEftance,  and 
therefore  may  very  properly  be  call'd  felf  fufficient.  Now  it  is  much  to  be 
wifh'd,  that  this  Mathematical  Hiftory,  wRich  lies  difperfed  in  many  Volumes, 
and  is  not  yet  intire  and  complete,  were  to  be  all  colle^ed  into  *one  Book.  Nor 
for  this  Purpofc  would  there  be  any  Occafion  to  be  at  the  Chaise  of  feeking  or 
puichaftng  Books.  For  fince  Aoithors  tranfcribe  many  Things  from  one  ano- 
ther, nothing  is  extant  any  where  which  may  not  be  fome where  found  in  any 
Liteary  that  is  but  moderately  furnifhM.  Nor  is  Diligence  in  collefting  au 
Things  fo  neceftary,  as  Judgment  to  reje&  what  is  fuperfluous,  and  Knowledge 
to  fiipply  fuch  Things  as  are  not  yet  found  out.  Now  if  fuch  a  Book  were  at 
hand^  from  thence  any  one  might  learn  the  whole  Mathematical  Hiftory^  and 
a  gpc^  Part  of  the  Science  alfo.  But  if  any  one  Ihould  defire  to  have  the 
whole  that  befongs  to  the  Praftice,  aa  Inftruments,  Machines^  £ngines,^&r.  if 
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he 'was  a  King,  and  had  the  Wealth  of  the  whole  World  at  Comtnanil,  he 
could  not  fupply  the  neceffary  Expences*    Neither  indeed  is  there  any  OcoaGoal        ( 
for  them.     It  is  enough  if  he  can  defcribe  them  all,  and  cither  knows  how  to 
mike  fuch  as  arc  wanting  himfelf,  or  can  fet  Artificers  to  work  upon  them,    'r;^ 

Sme  e/Eaciid's  ILfTT^  H  E  Propofitions  which  I  Ihall  endeavour  to  demonftrate  independently 
^^-^lud'i^.        X     fron^  all  others,  fliall  be  thefe ;  the  32d  and  47th  of  the  Firft  Book  j        "^ 
^ndentiyfrm     moft  of  thc  Sccotid  and  Fifth  Books ;  the  j  ft  and  i6tb  oif  the  Sixth ;  with  their 
Ai^N.  \€%^p!  Corollaries.  In  order  to  demonftrate  thc  32d ;  I  fuppofe  it  known  what  is  meant        ^^ 
671. 31.  X.  E.    i^y  an  Angle,  Triangle,  Circle,  External  Angle,  Parallels,  and  that  the  Mea-     '^ ' 
fure  of  an  Angle  is   the  Arch  of  a  Circle  intercepted  between  its  Sides ;  that 
a  Right  Angle  is  meafur'd  by  a  Quadrant,  and  two  Right  Angles  by  a  Semi- 
Fig.i.         circle.     I  fay   then,  that  in  the  Triangle  A  B C,  the  External  Angle  BCE 
is  equal  to. the  two  oppoHte  Internal  ones  ABC>  BAC^.for  let  a  Circle 
be  drawn,  C  being  the  Center,  and  B  C  thc  Radius ;  and  let  C  D  be  drawn 
parallel  to  A  B,  thofe  two  Lines  being  always  equidiftant,  will  both  have  the 
fame  Inclination  to  any   third  Line  falling  upon  them ;  that  is,  (by  the  Defi- 
nition of  an  Angle)  they  will  make  Equal  Angles  with  it :  For  if  any  Part  of 
CD  (for  Inftance)  did  incline  more  to  BC  than  to  AB,  upon  that  very 
Account  they  would  not  be  parallel  ;  it  follows  therefore  that   the  Angles 
ABC,  BCD,   are  equal:  Alfo  BAC  =  DCE,  becaufe  AE  falls  up«i 
two  Parallels  I  but  the  External  Angle  BCE  =  BCD  +  $)CE,  which 
was  before  prov'd  to  be  equal  to  ABC,  B  A C.  ^E.  D.    Hence  may  be 
inferred  as  a  Corollary,  That  the  three  Angles  of  every  Triangle  are  equal 
to  two  Right  ones;  for  the  Angles  ACB-f^BCE,  are  meafur'd  by  a 
Semicircle,  and  therefore  equal  to  two  Right  Angles :  Corollaries  alfo  from 
a«»2a,3i*3-£*hence  are  the  20th,  2 2d,  and  31ft  of  the  T'it/r^/ Book,  which  contain  the 
Properties  of  Circles ;  whofe  Deduction  from  hence  is  moft  natural  and  ob- 
vious. 
47. I.E.  ^^  o^^^^  ^^  demonftrate  the  47th,  I  fuppofe  the  Meaning  of  the  Terms 

made  ufe  of,  to  be  known  ;  and  that  two  Angles  or  Superficies  are  equal, 
when  one  being  put  on  the  other,  it  neither  exceeds,  nor  is  exceeded.  This 
being  allowed,  I  fay,  the  Sides  about  the  Right  Angle  are  either  equal  or 
unequal;  if  equal,  let  all  the  Squares  be  delcrib'd;  the  whole  Figure  exceeds 
Tig*  »•  the  Square  of  the  Hypotenufc  B  C,  by  the  two  Triangles  M^  V,*  and  exceeds 
alfo  the  Squares  of  the  other  two  Sides,  AB,  AC,  by  the  two  Trianglfes^ 
A  B.C,  and  S ;  which  Excefles  are  equal,  for  M  is  equal  to  A  B  C,  the  two 
Sides  about  the  Right  Angle,  being  two  Sides  of  a  Square  upon  A  B,  by  Sup- 
pofition  equal  to  A  C,  and  the  third  Side  equal  to  B  C  ;  therefore  the  whole 
Triangles  are  equal.  After  the  fame  manner,  S  and  V  are  proved  to  be 
equal ;  therefore  the  Square  of  CB  is  equal  to  the  Squares  of  the  two  ether 
Sides.  ^E.D. 
p.  But  if  the  Sides  be  unequal,  let  the  Squares  be  defcribed)  aod  the  Paral- 

'^'  lelogram  L  Qcompleated ;  the  whole  Figure  exceeds  the  Square  upoitSC^ 
by  three  Triangles,  X,  R,  Z  ;  and  exceeds  alfo  the  Square  LA,  A  O^  by 
the  Triangle  ABC,  and  theParalklogram.PQj  Which;Eatcefib,  1%)  are 

•  equal", 


r 


v^^ 
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qual ;  for  Z  is  equal  to  A  B  C,*  the  Side  O  C  =:  B  C,  C  D  =  A  C,  the 
Angle  D  =  A,  and  OCDsrBCA;  which  is  manifcft,  by  taking  the 
common  Angle  A  C  O,  out  of  the  two  Right  Angles  B  C  O,  A  C  D ;  there- 
fore by  Super] mpoficion  the  whole  Triangles  are  equal.  In  like  manner  X 
is  proved  equal  to  ABC,  alfo  R  ;  and  the  Parallelogram  P  Q^to  be  double 
of  the  Triangle  ABC:  Thus  the  Excefles  being  proved  equal,  the  Remain- 
ders alfo  will  be  equal ;  viz.  the  Square  of  B  C  to  the  Square  of  A  B,  A  C. 
^  E.  D.  Manifell  Corollaries  from  hence  are  the  35th  and  36th  of  the  Third ^s^  3^>  3-  2» 
Book  ;  alfo  the  12th  and  13th  of  the  Second. 

The  firft  Ten  Propofitions  of  the  Second  Book  tivQ  evidently  demonftrated,i2, 13.2.  e. 
only  by  fubftitutirig  Species  or   Letters  inftead   of  Lines,    and  multiplying  ^  ^  &c.  2E 
them  according  to  the  Tenor  of  the  Propofitron  :  Thus,  to  inftanc^  in  one  or  '   ' 
two.  Call  the  whole  Line  A,  and  Its  Parts  B  and  C,    therefore  A  =  B  +  C, 
and  coniequently  AA=:BB-|-CC*|-2BC,    which  is  the  very  Senfe  of     ^'i:-4- 
the  Fottrtb  of  the  Second  Book.     Thus  alfo,  Let  a  Line  be  cut  into  equal  Parts 
F,  F,  and  let  another  Line,  S,  be  added  thereto  5  *cis  manifeft,  4hat  4  F  F   4-  «•  b. 
44SF  +  2SS=2FF42FF  +  2SS  +  4SFi  whichistht2l?»/i&Pro.     ^'^'^' 
pofition  of  the  fame  Book.  10.  a.  B. 

Almoft  the  whole  Doftrine  of  Proportionals,  viz.  Permutation*  Inverfion, 
Converfion,  Compofition,  Divifion  of  Ratio's,  and  Proportion  ex^equoi  and 
confcquently  the  moft  ufeful  Propofitions  of  the  Fifth  Book,  are  clearly  demon- 
flrated  by  one  Definition,  and  that  is  of  Similar  or  Like  Parts,  which  arc 
faid  to  be  fuch  as  are  after  the  fame  manner,  of  eqiiafly  contained  in  their  -  ■ 
Wholes :  Thus  the  Antecedents  A  and  C,  are  either  equal  to  their  Confe- 
quents,  or  greater,  or  left ;  if  equal,  the  thing  is  manifeft  ;  if  lefs,  ^  then  (by  ''^^  ^^ 
the  Definition  of  Proportionals)  A  and  C  are  Like  P^ts.  of  B  and  E  ;  therefore 
what  Proportions  the  whole,  B  and  E,  have  to  one  another,  the  fame  will  A 
and  C  have ;  which  is  Permutation  :  Likewife  E :  C :  :,B :  A,  which  is  Inver- 
fion.  So  alfo  if  from  Proportionals  you  take  Like  Parts,  the  Remainders  will 
be  proportional ;  whence  Converfion  and  Divifion  are  demonftratedi.And  if  to 
Proportionals  you  add  Like  Parts,  the  Wholes  will  fHU  be  proportional ;  which 
is  Compofition,  Csfr.  If  the  Antecedents  be  greater  than  thye  Cbnfequents,  the 
Confequents  will  be  Like  Parts  of  them,  and  the  Demonftratipn  exaftly  the 
feme  with  the  former.  '   ♦ 

The  firft  of  the  Sixth  Book  is  prov*d,   by  confidering  the  Generations  of   »•  «•  ^* 
the  Parallelograms,  which  are  produced  by  drawing  or  mdicij^ying  the  Per- 
pendicular  upon  the  Bafi5 ;  that  is,  taking  it  fo  often  as  there  ^be  Parts  and  Di- 
vifions  in  the  Bafe :  Therefore  the  fame  Proportion  that  R  X  fingle,  hath  to  *    ^*-  7* 
N  X  (ingle,  the  fame  hath  R  X  multiplied  by  X  Z,  that  is,  repeated  a  certain 
number  of  times,  to  N  X  multiplied  by  X  Z,  that,  is,  repeated  the  fame  num- 
ber of  times ;  which  is  as  much  as  to  fay,    R  X  :  N  X  : :  Paral.  R  Z  :  EaraL 
N  Z.     Now  that  this  Propofition  is  alfo  true  in  Oblique-angled  Parallelograms, 
is  proved,  bccaufe  they  are  equal  to  the  Redlangled  ones  upon  the  fame  Bafis^ 
and  between  the  fame  Parallels,  as  does  thus  independently  appear ;   the  Tri- 
angles R  QX,  and  M  P  Z,  are  equal ;  for  R  X  =  M  Z,  dX  =  P  Z,  R  M     ^i-  7^        -^ 
=  Q^P ;  therefore  adding  to  both  M  Q,  R  Q^=  M  P  i  if  therefore  from  thefe 
VoT..  r.  C  eaiial 
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equal  Triangles  you  take  .'what  is  Common,  viz.  M  LQ,  the  Remainders  will 
be  equal,  R  X  L  M  =  Q^L  Z  P  ;  to  both  which  add  X  L  Z,  and  the  whole 
Parallelograms  will  be  equal,  R  Z  =  QZ.  ^  E.  D.  That  Triangles  alfo  hav- 
ing a  common  Bafis,  are  in  the  Projx>rrion  of  their  Altitudes,  does  hence  fol- 
low ;  becaufe  they  are  the  Halves  of  Parallelograms  upon  the  fame  Bafis.  This 
alfo  is  true,  and  the  Demonftration  exadlly  the  fame,  in  Prifms,  Pyramids, 
Cylinders,  and  Cones^  having  the  fame  Bafis. 

To  prove  the  1 6th  of  the  Sixfb^  I  fuppofe  the  4  Lines,  A,  B,  C,  E,  to  be 
proportional,  that  is,  granting  A  and  C  to  be  the  leffer  Terms,  the  fame 
way  that  A  is  contained  in  B,  lb  is  C  in  E ;  and  that  D  is  the  Denominator 
of  the  Ratio;  'twill  follow  then,  that  B  is  made  up  of  A,  multiplied  by  D, 
and  E  of  C,  multiplied  by  D  j  fo  that  A  D  =  B,  and  C  D  =  E  ;  draw  there- 
fore the  Extremes  upon  one  another,  that  is,  A  upon  C  D,  and  the  Means, 
that  is,  C  upon  A  D  ;  the  Fadtors  being  the  fame,  I  fay,  the  Produds  A  C  D, 
and  C  A  D,  are  the  &ixie,  and  confequently  equal.    ^  E.  D. 

The  Problem  propofed  by  M.  Cornier^  (with  Oftehtation  enough)  as  if 
it  contained  fomething  New,  though  in  reality  it  be  nothing  but  the  Old  Bu* 
finefs  of  doubling  the  Cube,  a  little  di%i]iled,  is  eafily  folved  Algebraically, 
as  follows. 
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47.  I,  El. 
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a  xbytf^ 
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-i-  aJ^zx 

2X* 


a-.2xxix\ 


=P 


2X^  4^^ 

a  aa 

^4  -|-  a  a'  ^  =  4  *•+  -^  2  X'  tf 


a}  :=!  2  x^  •,   that  is,   The  Cube  upon  x  is  half  the  Cube 

upon  a. 

ThiSpmrhg^f      JI'-  Le^  A  B  be  one  Afymptote  of  the  Hyperbola  E^C;   and  let  A  E, 

the  ffypericL^iy  and  B  C,  be  parallel  to  the  other:  Let  alfo  A  £  be  to  BC,  as  2  to  i  ;  and 

'L^n^L^^'''^^^^  the  Parallelogram  A  B  D  E  be  equal  to  i'. 

N.  34.  ^.645-  Suppofing  the  Reader  knows,  that  E  A,  ^jc^,  KH,  3«»  ^9i  yx,  ^A»  «A*, 
CB,  &c.  are  in  an  Harmonick  Scries,  or  a  Scries  Reciproca- Prifnanorum^  feu 
Jrithmetice  Proportionalium^  (otherwife  he  is  referred  for  Satisfadlion  10  Arithm. 
Infinitor.  fFalli/n,  Prop.  87,  88,  89,  (^c.)  I  fay. 
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I  I  I  I  I 

ABCiE  A= +  +  — ■-  + + ,  &?f. 

1X2         3X4        5X6        7X8        9XIO 
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EdDE=z +. +  — -  + + .  6?f. 
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2x3x4   4x5x6    6x7x8    8x9x10 

And  (in  Fig.  12.)  the  TriaugUy 
1  D</D  — BF</ 


For  (in  Fig.  10.  and  1 1.)  the 
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And  that  therefore  in  the  firft  Series  half  the  firfl:  Term  is  greater  than  the 
Sum  of  the  two  next,  and  half  this  Sum  of  the  Second  and  Third  greater 
than  the  Sum  of  *the  four  next ;  and  half  the  Sum  of  ttjofe  Four  greater 
than  the  Sum  of  the  -iiext  Eight,  6fc\  in  ivfimtum.  For  ii/D=^r  +  ^«; 
but  b  n>fG,  therefore  i  dD^b  r-}-/G,  ^c.  And  in  the  Second  Sc- 
ries, half  the  fccond  Term  is  lefs  than  the  Sum  of  the  two  next,  and  half  .this 
Sum  lefs  than  the  Sum.  of  the  four  next,  6fr.  in  infinitum. 

That  the  firft  Series  are  the  even  Terms,  viz.  the  2d,  4th,  6th,  8th,  loth,  6?r. 
and  the  fccond  the  odd,  viz.  the  ift,  3d,  5th,  7th,  9th,  £sfr.  of  the  following 
Series,  £s?^. 
I  I  1  II  I 

,   — — ,    ,   ,   -7-—,  — — »,    &c,  in  infinitum.  r=  9. 

1X2     -2X3      3X4  -4X5       5^6      6x7 

I 
Whereof /?,  being  put  for  the  Number  of  Terms  taken  at  Pleafure,  ^    . ^ 

a 

is  the  laft,  *"  ■  ■■  *  is  the  Sum  of  all  thofe  Terms  from  the  Beginning,  and 

T  • 

the  Sum  of  the  reft  to  the  End. 


<i  +  I  .... 

That  ^  of  the  firft  Term  in, the  third  Series  is  lefs  than  the  Sum  of  the  tv^o 
next,  and  -J-  of  this  SUm  lefs  than  the  Sum  of  the  four  next,  and  ^  of  this  laft 
Sum  lefe  than  the  next.dght;  I  thus  denaonftratc  :  _  . 

Let  a  be  equal  to  the  third  or  laft  Number  of  any  Term  of  the  firft  Column, 
viz.  of  Divifprs  5 . 

-   I  I  . .  1 6  tf '  —  48  tf* 


a^  a  —  I  xa  —  2  a}  ^-^  ^  a"  +.  2  a  16  ^^  —  96  a^  +  232  a^ 

-i- 56  a  ^24. 

. =  A. 

—  288  tf^-f-  184  ^?*  — 48  a 

I  I 


2ax2a'^ix2a  —  2        8^'— .I2tf--+-4tf 
I  1 


1= 


2  a  —  2x2^—3X2^  —  4         8tf'  —  36  a^  +  ^2  a  —  24^ 


(  '3) 

j6  a^  —  48  /?*  +  56  aj—jL/i, "  ^_  ^ 

i^a^ —  384^5-1-  880  a^  —    960  a^  -f- 496 a"  «    ^Sa^    * 

6^  a"  —  384  a^  -f-  928  a^  ~  1 152  a^  +  736  <g*  —  1Q2  /i      »  A  —  B 

04  tf •  —  384  a^  -4-  880  a""  —    960  d^  +  496  a"-  ^^    ^6  a^  ^  ' 

And  48  tf*  -^  192  tf^  +  240  a*  r^^6  a  z=,  Excels  of  the  Numerator  above 
the  Denominator. 

But  the  AfBrmat,  >  the  Negat.        j 
That  IS,  48  ^  •+•  240-.^'^  >  192  a^  -h^Gar 

Bccaufe  a^+      5  ^*  >       4  ^^  +    2  ^  >  if  tf  {>  2. 

Therefore  B  >  ^A.      .         *    ) 

Therefore  one  fourth  of  any  Number  of  A,  or  Terms,  is  left  than  their  fo 
many  refpedive  B  •,  that  is,  than  twice  fo  many  of  the  next  Terms.    ^.  E.  D. 

By  any  one  of  which  three  Series  it  is  not  hard  to  calculate,  as  near  as  you 
pleaie,  thefe  and  the  other  like  Hyperbolic  Spaces,  whatever  be  the  rational 
Proportion  of  A  E  to  B  C ;  as  for  Example,  When  A  E  is  to  B  C,  as  5  is  to 
4.  (Whereof  the  Calculation  follows,  after  that  where  the  Proportion  is,  as  2 
to  1 ;  and  both  by  the  Third  Series.) ! 

Firft  then,  when  (in  Pig.  9.)  AE  :  B  C  : :  2  :  i.  Z,^,^^' 

2X  3X  4)  I.  (o.  0416666666]  o.  0416666666 

4X  5^  6)  I.  (o.  00833333337       Qj„^„„ 
6x  7X  8)  I.  (o.  00297619045  ^-  <>"3095237 

8x  9x10)  I.  (o.  0013888888^      ^ 
,ox,ixi2)  I.  (o.  C007575757C  o.  0029019589 
12x13x14)  I.  (o.  oqo4578754f       "^^y^^y^^:/ 
14x15x16)  I.  (o.  0602976190) 


16x17x18)  I.  (o.  0002042484'' 
18x19x20)  I. (o.  0001461988 
20x21x22)  I.  (o.  0001082251 
22x23x24)  1,  (o.  0000823452 
24x25x26)  I.  (o.  00006410T6 
26x27x28)  I.  (o.  oo'o05o8758 
^8x29x30)  I. (o.  0000410509 
30x31x32)  I.  (o,  0000336021^ 


0*.  0607306482 


32x33 


34x35x36) 
36x37x38) 
38x395<4o) 
40x41x42) 

42x43x44) 
44x45x46) 
46x47x48) 
48x49x50) 
50x51x52) 

52x53'<54) 
54x55x56) 
56x57x58) 
5Bx59x6o) 
6!6x6ix62) 
6ax6jx64) 


*■  0.  o©oi849939' 


(  M  ) 

I.  (o.  0000278-520^ 
I.  (o.  0000233426 
i. (o.  0000197566 
I.  ^o,  00001^869^- 
I. (o.  0060145180 
I.  (o.  0000125843 
I.  (o.  00P0109793 
1.  (o.  0600096361 
I.  (o.  0060085034 

i.  (6.  "00000754 1 5 
i.fo.  006006^^9.3 
I.  (o.  0000060 1 25 
I /(a  6odoo540i4 
I.  (o.  0060648704 
I.  (o.  0006044068 
I. (o.  0000040002^ 


6.0416666666 

o.  01 10095237 
o.  Q029019589 

o.  6067306482 

3)0.  000 1 8251939^  (o., 00006099.80 

■     '  ^•■^^— ^ 

o.  05679179 
4(0.  ^00006  r  00 

o.  05685279  ^E  J  Cjr 

But  6.  do673oi64.'82^ 
0.000 1 829939  >-^ 
o,  0000458315^3 

Therefore  o.  05679 1 79 
+  0.  00004583 
+  0.0000*528 


o.  0568529O>E4iC> 


For  it  has  been  demonftrated.  That  ^  of  any  Term  in  the  laft  Column  is 
fcfs  than  the  Term  next  after  if,  and  therefore  that  i  of  the  laft  lerm,  at 
which  you  flop,  is  lefs  than  the  remaining  Terms  •,  and  that  the  Total  ot  theic 
is  Icfi  than  4  of  a  third  Proportional  to  the  two  laft* 

5  And 


f 


(  IT  ) 

And  therefore  A  B  Cjy  E  being  =  o-  75  .       ■—-— -  q.  57 

andEdCyp>o.  05685279- —  and  <;o.  05685290 

And  AB C dE IS < 0.69s  14720  -^ —  and  >  o,  693 1.4709 

But  when  A  E  :  Bt ::  5:  4,   or  as  E  A  to  KH;   then  Will  the  Space   ^*  ^ 
ABCE,  ornow,  the  Space  A  H  K  E  (A  H  =  4  A  B)  be  found  as  follows. 

8x  9x10)  I.  (a  0013888888]  o.  0013888888 

16x17x18)  I.  (o.  0002042484];  o.  P00350447* 
18x19x20)  I.  (o.  00014619583. 

32x33x34)  I.  (o.  0000278520^ '     . 
34x35x36)  I. (o.  0000233426  J  ^^  0000878204 
36x37x38)  I. (o.  0000197500 
38x39x40)  I.  (o.  0000168691  Jj 

o.  0013888888 

o.  000350447^ 
3)  o.  0000878204  (o,  0000292735 

0.00 1 827 1 564 
+  0.0000292735 

o.  0018564299  <E/J  J 

But  0.0003504472 
p.  0000878204 
o.  000022007.37' 


Thereforeo.  00x8271564 
+  0.  0000220074 
+0.  0000073358 


,0. 0018564296  i>Eah 

Th«,fo«  E  M  *  (B,. «.)  If"/ =J^^^^g^„^^6^ 

EM  *.  (%.  «.,  or  EK  M  (Fg.^.  P.6S564|    <  o.  0.685650  " 


Therefix© 


therefore  3  A  B  C  ^/  E  =  2.  37944 1 54  Therefore, 

and  A  H  K  E  =  o.  223 1435  The  Logan  of  lo, 

.    ^^    .  is  to  the  Log.  of  2, 

ABC^E(when  AE:BC::  lO:  1.)=  2.  3025850  as  2.  302585, 

to  o.  693147. 

IV.  The  Qyadraturc  of  the  Circle,  or  the  turning  it  into  an  equal  Share,  or 

The^adrature  any  Other  Right-lin'd  Figure,  (which  depends  upon  the  Ratio  of  the  Circle  to 

M^L^ihnhz^    the  Square  of  its  Diameter,  or  of  the  Circumference  to  its'  Diameter)  may  be 

PhiL  cj?.' N.  7.  undcrftood  to  be  fourfold,  to  wit,  either  by  Calculation,  or  by  Linear  Con- 

^*o^-  ftruftion;  and  each  of  them 'again  may  be  either  perfedly  exad,  or  elfe  al- 

moft,   or  pretty  near.     The  Quadrature  by  accurate  Calculation,   I  call  the 

Analytical ;  That  which  is  done  -fty  accurate  Conftrudion,  I  call  the  Gcometri- 

cal :    That  which  is  done  by  Calculation  pretty  near,  I  call  the  Approach  ; 

that  which  is  by  Conftrudlion  pretty  near,  I  call  Mechanical. 

The  Approaches  have  been  furtheft  carried  on  by  Ludolpb  van  Ceulen :  Vitta 
Hugenius^  and  others,  have- given  Several  Mechanical^  The  accurate  Geome- 
trical Conftruftion  may  be  had,  by  which  not  only  an  entire  Circle  may  be 
meafured,  but  any  Sedlion  or  Arch  of  it  alfb ;  which  is  by  an  exaft  and  ordi- 
nate Motion,  but  fuch  notwithftanding  as  fuits  with  Tranfcendtntal  Curves, 
which  erroneoufly  are  accounted  Mechanical,  though  in  truth  they  are  as  Geo^ 
metrical  as  thofe  which  are  coxiimonly  fo  eftcemed  5  though  they  are  not  Alge- 
braical, nor  can  be  reduced  to  Equations  Algebraical",  or  of  certain  De<»rees  \ 
they  having  Degrees  proper  to  themfelves,  which  though  they  be  not  Algebrai- 
cal, are  yet  neverthelefs  Analytical. 

The  Analytical  Quadrature,  or  that  which  is  made  by  accurate  Calculation 
may  be  again  fubdivided  into  three  Kinds ;  namely,  into  the  Analytical  Tran- 
fcendent,  the  Algebraical,  and  the  Arithmetical.  The  Analytical  Tranfccn- 
dent  is  to  be  obtained,  amongft  others,  by  Equatidns  of  Degrees  indefinite, 
hitherto  confidered  by  none :  As  if  X*  +  X  be  equal  to  30,  and  X  be  fought^ 
it  will  be  found  to  be  3  5  becaiife  3'  +  3^  is  27  +  3,  or  30. 

The  Algebraical  is  done  by  Vulgar  Numbers,  though  irrationally,  or 
by  the  Roots  of  common  Equations  5  which'  for  the  general  Quadrature  of 
the  Circle,  or  its  Seftors,  is  indeed  impoflible.  Now  there  remains  the  Arith- 
metical Quadrature,  which  is  performed  by  certain  Scries  exhibiting  the  Quan- 
tity of  the  Circle  cxaft  by  a  Progreffion  oi  Terms  (firft)  Rational,  fuch  as  I 
fliall  here  propound. 

I  have  found,  therefore,  that  if  the  Square  of  the  Diameter  be  put  i,  the 

I         I         I         1         I  r  J 

Area  of  the  Circle  will  be +  -^ -•  + ,_  +  , 

•  '        .    ^         J)  .      '        Z        S^       7        9         II        13 

^     "^-^r-  +  •—— f  "i^.  to  wit,    the  entire  Square  of  the  Diameter  beine: 

dimmilhed  (that  it  may  not  be  too  bfg)  by  a^third  Part;  and  again  (becaufe 
hereby  too  much  is  taken  away)  being  augmented  by  one  fifth  v  and  again  (bc- 
:  caufe  by  this  laft  too  much  is  added)  diminiftied  by  one  fcventh  ^  and  fo  on- 
ward,^  continually. 

And 


•(  T7  ■) 

AnditliQ  AriLQtiaoilty  r«ifrU  bejtoo  gieaf,  viz,  i.  bjit  the  Error!      f 
•rill  be  Icfs  cHan  -u  >  *       ■         ...'^-^ — —J    T 

I  I 

The  neit  too  little,  wz.  i  »•  .^^  but  the  Error  will  be  lefs  than  — 

3  5 

I        I  I 

The  3d,  too  much,  viz.  i.—  — + — ,  but,  i^c.   --.*-.-   .^^ 

3      5  .7 

III  X 

The  4th  too  little,  viz.  i  m  .m+~«»-^,  but,  6?r.  -  -  -  -  .-* 

6?r.  3      5        7'  96?^: 

The  whole  Series  contains  all  the  Approaches  together^  or  the  Values  both 
greater  than  they  ought  to  be,  ^nd  lefs  than  they  ought  to  be. 

.  So  that  by  continuing  the  Series,  the  Errors  may  be  made  lels  than  any  Fa* 
Aion  given,  and  confequently  lefs  than  any  allignable  Quantity.  Whence  it  foU 
.  lows,  that  the  whole  Series  muft  give  the  true  Value.  And  though  the  Sumpf 
the  whole  Scries  cannot  be  exprefled  by  one 'Number,  and  that  the  Series  be 
infinitely  eoatmnedi  yet  becauie  it  confifteihoff  one  regular  Metiiod  of  Pm- 
grefilon,  the  whole  may  fufficieotly  enough  be  conceived  by  the  Mind.  And  if 
Van  Ceukn  could  have  given  a  Rule  by  which  his  Numbers  3 14 1 59,  iSc:  could 
have  been  continued  in  ififinitumj  he  would  have  given  us  the  Arithmetical 
Quadrature  exad  in  whole  Numbers,  which  we  have  here  dorie  in  Fra£Hons. 
There  ate  feveral  things  relating  to  this  Quadrature  which  might  be  taken 

notice  of,  efpccially  one,  viz.TYax,  the  Terms  of  this  our  Series,  — >  — >  ^'  ^^> 

I  ^357 

— >  (^c.  are  of  Harmonical  Progreflion,  or  in  a  continued  Harmonical  Pro- 

gseffioii  *,  as  will  be  evident  to  any  one  that-  fliall  OKamine  ibem.  And  a  Series 

made  fay  flcipping,  gs  — >  — >  — i  —  >  —  >  ^c.  isalfoqf  H^emoBioiI  Pfogrei^ 

fioo-    And— >  _>_)_>  — .,  fcf^.  is  alfo  a  Series  of  Harmonical  Pro- 

3     7   .11    15   19  1  •   1      I      't       1 

Dortionals.   Wherefore  lince  the  Circle  is*^ + — |--l-.+— +_,   ^c.  ^^ 

I    I     I     I     I    -  '    -5    9    '3    yy 

^ — — —-^J  6?r.  .by  fubftrafting  the  latter  partial  Series  from 

3     7     u     15     19 

^  former  partial  Series,  the  Circle  will  be  the  Difference  of. two  Series  in 

Harmonical  Progreffion.  And  bccaufe  the  Sum  of  any  Number  of  Terms 
m  Harmonical  Progreffion,  how  many  foever,  may  by  fome  Compendium  be 
^obtaiDdd  ;  'hence  Compendious  Approaches  (if  after  Van  Ceukn  •there  ^be  any^ 
need  of  them)  may  be  deduced ;  if  one  would  in  this  our  Series  take  out  the 
Terms  a&dted  with  the  Sign-i«,  by  adding  the  two  next  into  one,  Hh 


ToL-I.  D  i^ 

1 


(  i8) 

~>  and  fo  onward^  he  will  have  a  new  Series  for  the  Magnitude  of  the 

Circle,  namely,  —(that  is, 1)  +  —  (that  is,  —.^  JL)  +  _  (that  is 

3  ^    .    3         35  5,      7         99 

--.— )efr:'  Wherefore     ^ 
9      " 

.  The  Square  infcrib'd  being— 

.      The  AreaoftheCifclcflullbe- +  —  +  —  +  —  +  — >  6?^. 

3       35      99    J95^     3^3 

,  But  the  Numbers  3,  35,  9  j,  195,  323,  &?r.  by  Skipping  are  taken  out  of 

the  Series  of  Square  Numbers,  4,  9,  16,  25,.  fefr.  diminilhed  by  an  Unite,. 

and  fo  made  the  Series  3^  8,   15,  24,  (^c.  out  of  the  Members  of  which  Sc- 

jries,  every  fourth  after  the  firft,  is  a  Number  of  this  our  Series.    But  I  have 

•  Ibund  (which  is  worth  nothing)  the  Sum  of  this  infinite  Series,  —  +  -q-  + 

—  +  (Sc  to  be  — •      Na,y^  and  by  culling  out  by  fingle  Skipping,  as 
15  4 

-^  +  --  +  — >  (Sc.  the  Sum*  of  this  infinite  Series  maketh  —  or  — •    But  if 
3       ^5   .  35  42 

out  of  this  again  another  Ptogreffion  be  culled  by   Cngle   Skipping,    a» 

III 

^  +  —  +  — I  tr^f.'  the  Sum  of  that  infinfte  Series  lliall  be  the  Semicircle*, 
.   5      35     99 

the  Square  of  the  Diameter  being  r.    Now  becaufe  by  the  fame  Means  the- 
.  Arithmetical  Quadrature  of.  the /s^fr^^Zti  b  obtained,  I  thought  itnoc  amils> 

to  reprefent  to  View  the  whole  Harmony, 
f  t  5    4    J    ^    7' *   9      *«     >»"     i«    "ij-     14      15      16     17     18.     19     ao  Csfr.. 

^.  9  16  2$  36  49  64  81   100     121     144     169     196     225     ^56     289     324     361     400  &c« 
3  8  15  2^  35  48  63  80    99     120     143     168     195     224    355    288     3«3    360    3.99  ^c. 

'i-1.2.  —  -L-Lil^^^Jl     I     2^    Ji,    J^    J_,     ■      *f«f-«3 

3  8  IS  24;3i.48  63^  80  99  .120  143;  168  195  224  25s  288  323  360  399   ^'"""4" 

l*i-*—  •—  -A   -  J_       ^JL   •  J^      •   JL   •   —fcTcss  — 
3   15   3r   6a    99.     143       195      255      323      399       4 

.-'•^•— •—   •     —    •      JL     •     JL     •     J-'     JL     •tjff  —  i: 

'  8       24  4^        80  120  »68  224  2i^  360  *  "^   4 

3  35  99  •       »9S  ,,       ,         3»3  •  — 

1  8  4^  '*o  224  36Q 

the  Circle  A  R  C  D,.  whofe  Infcribed Square. is-        V  i 
the  Hyperbola  CBEHC,  whofe  Power,  A  B  C  D,  isf  ^ 
'*'  '2'  To  the  Afymptotes  A  F,  A  E,  at  Right  Angles  to  each  other,  let  there  be.- 

defcribed  the  Curve  Line  of  an  Hyperbola  GCH,  whofe  Vertex,  is  Cv  and* 
A  B  C  D}  the  Power  or  Square,,  ta  which  every  Reftanglc  made  of  the  Ordi- 

nate^ 


(  19) 

ate,  as  E  H,  and  the  intercepted  Part,  A  E,  is  always  equal.  About  this  Square 
k  a  Circle  be  drawn,  and  Jet  the  Hyperbola  be  continued  from  C  to  H,  fo 

that  A  E  be  double  to  AB.  Then  putting  A  E  to  be  i,  A  B  Ihall  bc-^>  and 

itsSquare,  ABCD,  Ihallbe— >  and  the  Circle,  (whofe  Power  A  BCD  is  in- 

fcriVd)  (hall  be^  +  —  +  JLj  £s?r.  but  the  Portion  of  the  Hyperbola  CBEHC 

3       35      99  I 

(whofe  Power  infcrib'd  is  the  fame  Square— )  which  reprcfents  the  Logarithm 

oftheRatioof  AEto  AB,  (orof  2  to  i)  Ihall  be4+-^  +  — >  6fc. 

^  8       48       120 

V.  I.  Let  any  Curve  DQbe  given,   all  the  Points  of  which  may  be  re- ^^^^^^^/'^ 
femed  to  any  given  Right  Line  E  A  B,  by  the  Right  Line  D  A  ;  whether  Cirrvwj  iy  rc- 
£  AB  be  the  I^ameter,  or  any  other  Line,  or  any  other  Lines  are  given  at^*^^*^^™-^^ 
thciame  time,  any  of  which,  or  their  Powers,  enter  the  Equation  of  the/.  513!  ''** 
Curve,  it  mattew  litde.  '  J"-  j^P;  '^ JJ- 

In  the  Analytical  Equation,  for  the  more  eafy  Explanation,  let  D  A  be 
always  called  v,  and  B  A;^.  And  let  E  B,  and  all  the  other  giVcn  Quanti- 
ties, be  denoted  by  Conibnants^ 

Then  fuppofe  the  Line  D  C  to  be  drawn,  touching  the.Curve  in  D,  and 
meeting  E  B  (produced  if  neceffary)  in  the  Point  C ;  and  let  C  A  be  always 
called  a.    Now  to  find  A  C,  or  a^  this  will  be  the  general  Rule. 

1.  Rejeding  thofe  Parts  of  the  Equation  in  which  j  or  v  are  not  found, 
let  all  thofe  be  fet  on  one  Side  of  the  Equation  in  which  is  jr,  and  thofe  on 
the  other  Side  in  which  is  Vy  with  their  Signs  +  or  — •  For  Diftinftion 
Sake  we  will  call  this  the  Right  Side,  and  that  the  Left. 

2.  On  the  Right  Side,  let  there  be  prcfixt  the  Exponent  of  the  Power  of 
V  to  all  the  Parts,  or,  which  is  the  fame  thing,  let  the  Parts  be  multiplied 
hyit. 

3.  Let  the  fame  thing  be  done  on  the  Left  Side,  that  is,  prefix  to  each 
Part  the  Exponent  of  the  Power  ofy :  And  farther,  in  each  of  the  Parts  let 
one  jf  be  changed  into  a. 

I  lay  that  the  Equation  fo  fprm'd  will  (hew  the  Manner  of  drawing  the 
Tangent  at  the  given  Point  D.  For  when  it  is  given,  at  the  fame  time  are 
given  J?  and  v^  and  the  other  Quantities  which  are  exprefled  by  Confonants ; 
and  then  a  Will  be  known  alfo. 

If  the  Rule  (hall  feem  to  be  any  thing  obfcure,  it  may  be  thus  illuftrated 
by  fome  Examples.  Let  this  Equation  be  given,  by — yy  =  w  ;  in  which 
let  E  B  be  ^  ;  B  A,  ^ ;  D  A,  v  ;  and  let  ^  or  A  C  be'  fought,  fuch  as  D  C 
h«ng  joined  may  tbuch  the  Curve  D  Q^in  D.  By  .the  Rule  nothing  is  here 
to  be  rejeded,  becaufe  either;^  or  v  is  found  in  every  Pare  of  the  Equation. 
Alfo  it  is  fo  difpofed,  that  all  the  Parts  in  which  j?  is  found  are  on  one  Side, 
aad  all  in  which  there  is  v  are  on  the  other.     Therefore  we  need  only  prefix 

D  2  to 


to  each  the  Exponents  of  the  Powers  of;^  and  v  j  and  on- the  Left  Side  one. 
^  is  to  be  changed  into  a.     Therefore  it  will  ht  ba  —  lya^sizvv.     I  (ay 
now,  that  this  Equation  will  fhew  the  Manner  of  drawing  the  Tangent  to  the 

Point  D  ;  that  is,  a  —  ^^^^'  =  A  C. 

Thus  if  the  Equation  qti^^-by ---yy  =  vv  were  given,  the  Equatiotf  for 
the  TaFvgcnt  would  be  the  fame  as  the  former;  for  we  muft  rejcd  j  j  as  the 
Rule  prcfcribcs. 

Thos  from  the  Equation  2  byy  — jf»  r=  v>,  we  have  ^,kya.^  ^yya cs^ 

^vK  org=r   ',"    — -— •    And  from  the  Equation  kby  +  Shyy  +"y^=i 
^    •  ^by—syy  ^ 

J  V  Vy  we  (hall  have  i  b  a  +  izy  a  +  ^  y  ya=i2  q  vv^  and  thence  a  = 

..,  ,    ' — r- •  And  from  i*  +  hy^^^y^:=iqqvv  +  zv\  we  (hall  havc^ 

bb^k-zzy-^^yy  y       •        ai 

2  qqw  +  7zv^ 
^byya^^4.y^assi2qjvv  +  3zv\  and  then  ass — ^ —* 

And  in  all  other  Equations  of  this  kind  I  think  no  Difficulty  can  ari(e. 
Perhaps  there  may  be  fome  in  (uch  Equations;  fome  Parts  of  which  confift 
of  Prodtidts  of^  into  v.  Asy  1;,  yy  v,  y^  v\  and  fuch  like*  But' this  Dif- 
ficulty will  be  but  a  flight  one,  as  will  appear  from  theli  Examples.  For  let 
there  be  given  y^zzibv-  — ^'v*.  Now  there  is  nothing  to  be  rejedted  from, 
hence,  fince  j'  or  v  is  found  in  all  the  Parts  or  Terms. 

But  that  they  may  be  difpofcd  as  the  Rule  prefcribes,  the  Term  jr  t?*  isto 
be  aflfumed  twice,  and  placed  as  well  on  the  Right  Side  of  the  Equation,  in 
which  are  thefe  Terms  that  have  v,  as  on  the  Left  Side,  where  are  the  . 
Terms  that  have j^ ;  Ninety  v^  contains  both  jr  and  v.  Therefore  we  mu(t 
makey  +  v^y  =zbv*^^y  ^*.  Then  changing,  as  before,,  this  Equation 
into  another  ^yy  a  +  vv  az=i  2  bvv  ^^  2  y  vv^  we  (hall  have  a  =; 
^  bvv  —  2yvv 

Syy  +  vv 

For  the  Rule  is  to  be  fo  underftood^  that  on  the  Left  Side  the  Power  of 
V  is  not  confidered,  and  therefore  the  Exponent  of  v*  is  not  to  be  prefixed  to 
yv\  but  only  that  ofy.  And  on  the  contrary  on  the  other  Side,  the  Power 
ofjF  is  not  to  be  confidered  inyvvj  but  only  that  of  1;,  and  to  this  its  Ex- 
ponent is  to  be  prefixed.  Thus  if  the  Equation  werc^'  +  by^  =:  2  qqy^  — 
f'  v\  we  muft  ifaake^J  +  by^  +  v^y*  zzizqqv^  — y  * v\  and  we  fhould 
have  the  Equation  for  the  Tangent  sy^a  +  ^bysa  +  2^^'^tf  =  6£*^'  — 

1    .        J    1  6q^v^  —  3/^' 

Sy  v\  and  thence  a  = ^- — ~< r** 

Sy^  +  4  by^  +  2  v^y 

And  in  the(e  Examples  I  think  I  have  comprehended  all  the  Variety  of 

Cafes  that  can  be  propofcd.    But  perhaps  it  may  be  of  fome  ufc  to  apply 

what  I  have  delivered  in  general,  to  fome  particular  Curve.     Therefore  let 

the  Curve  BD  be  given,  which  has  this  Property,  that  taking  any  Point  in 

/v^.  15.      it  D,  if  B  D  be  joined,  and  D  E  be  raifcd  perpendicular  to  it,  meeting  the 

Risixt 
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l^t  Line  BE  in  E>  the  Right  Line  D  E  may  always  be  equal  to  the  gi- 
itn  Right  Line  B  F. 
That  we  may  have  an  Equation  in  Analytical  Terms,   make  D  A  =  v^ 

BA=i^,  BFofDEssj..   Therefore  it  will  be  EA=— •    And  fince 

y 

the  Square  rf  D  E  is  equal  to  tfc  two  Squares  of  D  A  and  A  E,  we  fhall 
haTC  the  Equation  jj  =  -y+t»;  or  j*/  :==:v^+y*v^i  which  for  the 
Tangent,  as  prefcribed  by  the  Rule,  is  to  be  reformed  to  y  j/  —  ^»  >*  =  t;* 

n   4*fl4  -J"  «f'  «jI^ 

+y  i;*,  and  2  q.fy^a  -^  2  v*;?  ^  =  4  v4  +  21^^%  whence  a  =-1 -.—  • 

q  y ..^v  y 
Now  how  fuch  Equations  are  to  be  reduced  to  cafier  Terms,  for  the  Sake 
of  the  Conftruftion,  will  be  no  Myftfeiy  to  fkilful  Mathematicians.  As  in 
this  Example,  becaufe  the  ReAangle  B  A  E  is  fuppofed  equal  to  the  Square 
of  AD,  it  E  A  be  called  ^.  it  will  hcvv=:ye^  and  v^=y*e\  and  ??=: 
ye^  ee.     Therefore  inftead  of  them  fubftitu ting  their  Values  in  the  Equa- 

2  y*  ^*  4-y  e  ^^j+yy     ,     ' 

tion.  It  becomes  a  =  -z — -r — z »'  or  a=. =^>   that  is,   a  ezzz 

*  e  y  +  ey^  "^ey  e  * 

ley+yyy  and  adding  ^^  on  both  Sides,  ae  +  eez^iee  +  iey+yym:. 

7+^*.     So  that  the  three  Quantities^  e^  ^  +  jr;  ^  +  tf,  or  E  A,  E  B,  E  C,, 

are  in  continual  Proportion  ;  whence  the  Conftruftion  becomes  very  eafy^ 

But  whereas  we  fcem  to  hare  luppofcd  hitherto,  that  the  Tangent  is  always* 
to  be  drawn  towards  B,  when  it  may  happen  from  the  given  Quantities,  that 
it  ihoald  be  either  parallel  to  AB,  or  (hould  be  drawn  the  contrary  Way  ;.- 
we  muft  now  determine  how  this  Diverfity.  of  Cafes  is  to  be  diftinguilhed  in 
Equations.  A  Fraftion  therefore  being  made  for  the  Value  of  ^,  as  in  the 
foregoing  Examples,  the  Parts  of  the  Numerator  and  the  Denominator  are 
to  be  confidered,  as  alfo  their  Signs. 

I.  For  in  both  if  either  all  the  Parts  have  the  Sign  +,  or  at  leaft  if  the 
Affirmative  prevail  over  the  Negative,  t  the  Tangent  muft  be  drawn  to- 
wards B; 

2..  If  in  the  Nunicrator  the  Affirmative  prevail  over  the  Negative,  but  are 
eqoal  in  the  Denominator,  a  Line  drawn  through  D  parallel  to  AB  will 
touch  the  Curve  in  D:  For  in  this  cafe  a  will  be  of  an  infinite  Length. 

3.  If  as  well  in  the  Denominator  as  in  the  Numerator  the  affirmative  Parts 
arc  Jefs  than  the  Negative ;  then  all  the  Signs  being  changed,  the  Tangent 
muft  ftill  be  drawn  towards  B:  For  this  cafe  coincides  with  the  firft. 

4.  If  in  the  Denominator  they  prevail,  but  in  the  Numerator  are  lefs;  the 
Tangent  niuft  be  drawn  on  the  contrary  Side,  that  is,  AC  muft  be  taken 
towards  K. 

5.  Laftly,  if  in  the  Numerator  the  affirmative  Parts  are  equal  to  the  Ne- 
gative, however  they  may  be  in  the  Denominator,  then  a  will  become  no- 
thing. Therefore  either  AD  will  be  the  Tangent,  or  E  A,  or  parallel  to  it,, 
which  is  eafily  known  from  the  given  Qiiantitics.     Now  all  the  Variety  of 

hefe  Cafes  may  be  fhewn  by  the  Equation  to  the  Circle. 

For 


>. 
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<F(f.i6.         For  let  there  be  a  Semicircle  whofe  Diameter  isEB,  ted  letD  be  any 
given  Point  -in  it,  from  whence  let  fall  the  perpendicular  D  A  ==  v.    Make ' 
B  A  =7,  B  E  =  * ;  the  Equation  will  be*  by  -^yy  =  w.    And  drawing 

theTangentDC,  it  will  bfc  A  C  or  iir=^  ^  ^   "   Now  if  ^  be  greater  than 

2  y  \  the  Tangent  muft  be  drawn  towards  B  %  if  equal,  it  is  parallel  to  EB  ;  ' 
if  Jefs,  it  muft  be  drawn  towards  E,    See  i,  2,  4.       . 
^i- 17-  Again,  let  there  be  given  another  Semicircle  inverted,  whofe  Points  are  to 

be  conceived  as  referred  to  a  Right  Line  parallel  to  the  Diameter,  and  equal 
to  the  fame,  as  in  the  Scheme.  The  Parts  being  denominated  as  before,  and 
making  NB  =  ^,    the  Equation  will  ht  iy -^yyx=id  d  +  vv^^i  dv. 

O    1)1)  mmmm  ^  d  1} 

Therefore  AC  or  tf  =  — 7 *     Now  fince  by  the  Example  we  have 

fuppofcd  •:;  always  to  be  lefs  than  i;  if  ^  is  greater  than  2  yy  the  Tangent 
muft  be  drawn  towards  E ;  if  equal,  it  will  be  parallel  j  if  lefs,  then  chan- 
ging ail  the  Signs,  it  muft  be  drawn  towatids  B ;  as  4,  5,  3.  But  no  Tan- 
gent would  be  drawn,  or  E  B  itfelf  would  be  the  Tangent,  if  we  Ihould  fup- 
pofe  N  B  to  be  equal  to  the  Semidiameter,  or  2  //=:^as  at  ».  5. 
^i-  »»•  Laftly,  let  there  be  another  Semicircle,  whofe  Diameter  N  B  is  perjpendi- 

cglar  to  the  Right  Line  B  E,  to  which  its  Points  are  fuppofcd  tp  be  referred. 
Let  N  B  be  called  ^,  and  Ictjthe  other  Parts  be  named  as  before.   The  Equa- 

tipn  will  he  yyz=:bv  —  vOy  and  thence  a  :=: ^^  Now  if  i  is  great- 

2y 

cr  than  2  v,  the  Tangent  muft.  be  drawn  towards  B  ;  if  lels,   towards  E ; 

if  equal,  D  A  itfelf  will  be  the  Tangent.     As  by  i,  4,  5.. 

And  this,  I  think,  is  all  the  Variety  of  Cafes,  which  can  be  obferved  from 

the  Confideration  of  Equations* 

7^*  Lemmata,       (O  The  Difference  of  two  Dignities  of  the  fame  Degree,  applied  to  the 
%t'ber,iy  the  pre-  Diffcrcnce  of  the  Sides,  will  give  the  feveral  Parts  of  the  inferior  Degree  of  a 

Cidiitg  Method  is  J  ! 

m"sm!,u'  ^'  Binomial  of  the  Sides.    Thus  ^   """  ==/  +  ^  *  +  x*  i  as  is  eafy  to  prove. 

".97.^.6126,      {i.)  There  are  fo  many  Parts  arifing  from  a  Binomial  of  any  Degree,  as 
J""^''^°**^73- the  Exponent  of  the  Dignity  next  above  has  Units.     That  is,  three  in  the 
Square,  four  in  the  Cube,  6fr.     And  this  is  generally  known. 

(3.)  If  the  fame  Quantity  is  applied  to  two  others,  whofe  Ratio  is  given, 
the  Quotients  will  be  in  the  fame  Ratio  reciprocally. 

By  thefe  Lemmata  my  Method  may  eafiiy  be  demonftrated,  they  being 
here  dilpofcd  in  fuch  an  Order,  as  will  naturally  lead  to  the  Demonftration. 


The  Tefludo 
Velifbrmis 


VL  I.-  J  Geometrical  JS  NIG  MAy  concerning  the  wonderful  StruHure  of 
Quadrabiiis  a  Hcmifphcrical  Cupola  which  is  quadrable.     By  D.  Pio  Lifci,  a  minute 

^S^S^v.         Mathematician. 

''^'^l^^An^id^y      Among  the  venerable  Monuments  of  ancient  learned  Greecey  there  is  ftill 
in  Being,  and  for  ever  will  endure,  a  rtoft  Auguft  Temple 'dedicated  to 
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perfcAIy  Hemifpherical  within.  But  in  this  there  are  the  equal  Areas  of 
tour  Windows,  (difpofed  aboat  and  upon  the  Bafe  of  the  Hemi^here)  of 
iiich  a  Configuration,  Amplitude,  and  of  fuch  Ingenuity,  that*  thefe  being 
taken  away,  the  remaining  curved  Superficies  of  the  Cupola,  adorned  with 
curious  Molaick  Work,  is  capable  of  a  true  Geometrical  Quadrature. 

Now  it  is  inquired,  which  is  that  quadrable  Part  of  the  curved  Hemi- 
fpherical Superficies,  which  is  like  a  diftended  Nautical  Sail,  and  by  what 
Art  or  Method  t;he  Qeometrics^l  Architect  attained  to  it  s  and  iaftly,  what 
quadrable  Geometrical  Plain  is  it  equal  to  ? 

2.  A  Day  or  two  ago,  juft  as  I  was  going  to  Bed,  I  received  (learned  Sir)  wjiu/zw!* 
your  Letter,  which  being  very  bufy  I  could  not  anfwer  Yefterday.    Within />.  587' 
was  inctofcd  a  little  printed  Paper,  which,  you  fay,  you  received  from  Flo- 
rence^ to  be  tranfmitted  to  me. 

That. Paper  contains  a  Geometrical  Enigma,  which  when  ftript  of  its 
verbal  Difguife  feems  to  infinuate  the  following  Problem.  From  the  curved 
Superficies  of  a  Hemifphere  to  cut  off  four  equal  Segnxents,  £0  that  what  re- 
mains ihall  be  capable  of  Quadrature. 

And  at  the  fame  'time  it  gives  us  a  Hint,  that  fomething  yet  remains 
among  the  Grecian  Monuments,  by  means  of  which  this  may  be  done. 

I  imagine  this  to  be  the  Quadrature  of  the  Lunula  of  Hippocrates  oi  Chilis^. 

For  whereas  Archimedes  has  demonftrated,  that  the  curved  Superficies  of 
an  Hemifphere  is  equal  to  twa  great  Circles  of  the  fame  Sphere,  that  is,,  to 
four  Semicircles ;  and  Hippocrates  of  Chius  has  taught  us  how  to  fquare  a 
certain  Lunula :  If  from  every  Quarter  of  this  Hemifpherical  Cupola  fo  much 
be  taken  away  as  that  Lunula  is  deficient  from  a  Semicircle,  the  Remainder 
will  be  equal  to  the  Square  that  may  be  infcribed  in  the  great  Circle  of  the 
Sphere,  on  which  the  Hemifpherical  Cupola  infills. 

Now  if  befides  the  JEnigmatical  Involution  of  the  Problem,  any  Hiftorical 
Fa&  about  a  Temple  (hould  be  intended,  I  fhould  imagine  the  Temple  here 
meant  is  that  oiSanSa  Sophia  at  Conjlantincple^ 

SC  HOLIUM.]  By  the  Quadrature  of  the  Lunula  of  Hippocrates  of  p^.  x^ 
QfiuSj  (mentioned  in  the  firft  Book  of  Arijlotle^s  Phyficks,  and  in  the  Com- 
mentaries of  SimpUcius  upon  that  Place)  the  Semicircle  A  B  D  being  divided 
into  two  Quadrants,  A  C  D,  BCD,  if  the  Subtenfe  of  the  C^adrantal 
Arch  A  D  be  adapted,,  bifeftcd  in  H  by  the  Radius  C  E,  and  if  Center  H 
the  Semicircle  A  D  F  is  defcribed  i  Becaufe  of  the  Square  of  the  Right  Line 
AD  being  fubduple  of  the  Square  of  the  Right  Line  A  B,  the  Semicircle 
A  D  F  will  be  fubduple  of  the  Semicircle  A  B  D,  and  therefore  will  be  equal 
to  the  Quadrant  A  C IX  Now  taking  away  the  common  Segment  A  D  E 
from  each^  the  remaining  Lunula  A  E  D  F  will  be  equal  to  the  remaining 
Triangle  AD C,  And  four  fuch  L«««/^will  be  equal  to  four  fuch  Trian- 
gles, that  is,  to  the  whole  Square  A  D  B  G  infcribed  in  the  Circle. 

Again,  by  whkt  Archimedes  has  debonftrated,  the  Surface  of  the  Sphere 
ia  equal  to  four  of  lt$  great  Circles  \  and  therefore  the  curved  Superficies  of 

aa 


an  Hepiifphere  is  equal  to  four  fuch  Semicireld,  and  si  <!ilwdiant  tff -fudh  ^n 
Hetpifpherical  Surface  is  equal  to  :one  Semicirele. 
F/ff.ao.  lit  the  Circle  AD  BG  be  now  thefiafcof  a.  curved  ^fertirphericdl  Sur- 

face, whoft  Pole  is  P,  its  Axis  C  P  perpendicular  to  the  Plain  of  the^Baft, 
and  one  of  its  Quadrants  D  P  A,  which  is  btf^dbed  by  a  Plain  E  P  C  pafling 
through  the  Axis. 

Alk)  for  the  Convenience  of  Calculation,  let  the  Radius  of  the  Circle  lie 
call'd  R,  the  Diameter  D  =  2  R,  the  Periphery  P,  and  the  Arch  exhibi* 
ted  a. 
^  And  putting  the  Quadrantal  Arch  D  E  A  =  «  =  ^  P,    the  Semicircle 

ABDis^R  =  i:RP:  The  Triangle  A  D  C  =  ^  R*  c=:  i  RD.  And  the 
Remainder  of  the  Semicircle,  when  this  Triangle  is  taken  away,  will  be  ^ 
R  P  —  R  D ;  an  equal  to  which  is  to  be  taken  away  from  DP  A,  a  Qua- 
drant of  the  curved  Hemifpherical  Surface,  equal  to -the  Semicircle  ABD, 
that  the  Remainder  may  be  equal  to  the  exhibited  Triangle  ADC. 

Now  fince  this  may  be  done  various  Ways,  by  what  we  have  fhew'd  long 

ago,  At.  1659.  (at  the  End  of  the  Treatife  of  the  Cyekid  then  publifli'd, 

p.  122.  at  §  68.)  and  again  Jn.  1670,  (in  the  Treatife  concerning  Motion, 

'  C.  V.  P.  24.)  concerning  a  Plain  Figure,  which  is  equal  to  any  Figure  in  a 

Spherical  Surface,  that  is  terminated  by  any  Circles  greater  or  kflcr.    It  maiy 

j^.  be  thus  done  in  the  fimpleft  Manner. 

'^*  *'*  Since  the  Segments  of  a  Spherical  Surface,  cut  off  by  parallel  Plains,  are 

proportional  to  the  Segments  of  the  Axis ;  (which  obtains  likewife  in  the 
exhibited  Superficies  D  P  A  of  the  Quadrantal  Cuneus)  if  in  the  Axis  C  P 
there  be  taken,  as  the  Semicircle  ^  R  P  to  the  Semicircle  except  the  Triangle 
^RP^^RD,  that  is,  asPtoP  — D,  foCPtoCY:  (or,  which  Is  the 
fame  thing,  as  P  to  D,  fo  C  P  to  P  Y :)  A  Plain  through  Y  Z,  parallel  to 
the  Bafe,  will  cut  off  a  Portion  of  this  curved  Superficies,  adjoining  to  the 
Pole,  which  will  be  equal  to  the  Triangle  A  DC.  And  the  fame  being 
done  in  the  other  Quadrants  of  the  curved  Surface,  the  whole  fo  cut  off, 
conterminous  to  the  Pole,  will  be  equal  to  the  whole  Square  infcri bed  in  the 
Bafe,  and  it  will  be  diftended  as  was  required.     ^  jE.  F. 

Or  thus  more  cpncifely.  The  curved  Surface  of  the  Hemifphere,  (being 
equal  to  two  great  Circles)  will  be  equal  to  R  P.  And  the  Square  infcribed 
in  a  great  Circle  rs:  2  R  R  =  R  D :  And  that  is  to  this  as  P  to  D.  And 
therefore,  bccaufe  of  the  Segments  of  the  Surface  cut  off  by  the  parallel 
Plains,  (being  proportional  to  the  Segments  of  the  Axis)  taking  C  P  to  P  Y 
as  P  to  D,  not  only  the  whole  Superficies  will  be  equSl  to  R  P,  but  alfo  the 
Portion  at  the  Pole,  cut  off  by  the  Plain  Z  Y,  will  be  equal  to  R  D,  or  to 
the  Square  infcribed  in  the  Bafe.     ^  E.  F. 

If  it  be  faid  that  we  proceed  here  upon  the  Prefumption  of  the  Quadrature 
of  the  Circle,  or  of  the  Ratio  of  the  Perimeter  of  the  Circle  to  its  Diameter; 
this  is  true  indeed,  but  not  to  be  objefted  here.  Becaufe  the  propofcd  JEnig- 
ma  does  not  require,  that  the  Portions  of  the  Hemifpherical  Surface  which 
are  cut  off,  or  which  are  calPd  the  Windows,  Ihould  be  quadruble,  but  only 
the  remaming  Portion.     And  indeed  if  both  were  required,  the  abfolute 

Gcome- 
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Geometrical  Quadrature  of  the  Circle  would  be  required  at  the  fame  time  i 
which  it  is  plain  is  not  yet  found. 

As  to  the  manual  Conftrudtion  of  the  Cupola ;  upon  a  plain  Bafe,  fituate  r^g.  jf, 
out  of  the  Bale  of  the  Hemifphere,  but  contiguous  to  it,  whofe  two  Sides 
meet  in  an  Angle  at  A,  within,  the  protrafted  Right  Lines  DA,  G  A,  (that 
there  may  be  a  free  Profpeft  from  the  Windows  on  each  Side)  let  a  good 
(bong  Foundation  be  laid ;  fo  that  as  the  Superftruflure  rifes  higher,  its 
Edge  may  ftretch  out,  fupported  by  an  Angle,  making  an  Arch  of  a  Circle 
as  D  Z,  arifing  to  the  Height  Y.  And  let  the  fame  be  done  at  the  other 
Angles  D,  B,  G.  I^ftly  upon  thefe  Strufturcs,  as  it  were  fo  many  Columns 
raifed  to  the  fame  Height,  let  the  Cupola  be  placed,  fo  excavated  within, 
as  the  Sur£u:e  of  an  Hemifphere  requires.  And  thus  the  whole  Work  is  fi- 
nifhed  as  was  required. 

Otherwifc.  The  fame  thing  may  be  done,  if  any  Square  Q^Q^be  given, 
for  the  Square  infcribed  in  the  Bafe,  which  is  leis  than  the  carved  Hemifphe- 
rical  Superficies.  For  it  muft  be  made,  as  R  P  the  curved  Hemifpherical 
Superficies,  to  QQ  the  given  Square,  foXP  the  Axis  of  the  Hemifphere, 
to  P  Y  the  Portion  of  the  Axis  that  is  adjacent  to  the  Pole.  Then  the  Plain 
Z  Y,  parallel  to  the  Bafe,  will  cut  off  a  Portion  of  the  Spherical  Superficies 
which  is  capable  of  Quadrature,  as  being  really  equal  to  the  given  Square 

aQ.  • 

The  feme  may  be  performed  thus,  but  with  more  Trouble. 

Since  a  Quadrant  of  the  curved  Hemifpherical  Surface  D  P  A,  as  is  fliewn  '*•  *^' 
above,  is  equal  to  the  Semicircle  A  B  D,  and  its  Segments  cut  off  by  Plains 
parallel  to  the  Bafe  arc  proportional  to  the  Segments  of  the  Axis  5  in  the 
Quadrantal  Arch  D  P  let  there  be  taken  P  Q^an  Arch  of  60  Degrees  5  (which 
was  fuggefted  to  me  by  Mr.  CaJweU.)  Then  a  Circle  QJT  S  defcribed  with 
the  Pole  P  will  bifeft  the  Axis,  bccaufe  of  the  Vcrfed  Sine  of  60  Degrees 
being  equal  to  half  the  Radius  :  So  that  it  will  divide  the  Quadrant  DP  A 
of  the  curved  Hemifpherical  Superficies  into  two  equal  Segments.  One  of 
thefe,  which  is  the  Quadrilineum  D  QT  S  A,  will  be  equal  to  the  Circular 
Quadrant  B  C  D  j  and  the  remaining  Trilineum  P  QJT  S  will  be  equal  to  the 
Quadrant  A  C  D.  Whence  if  the  Bilineum  QR  S  T  be  alfo  taken  away, 
equal  to  the  Segment  of  the  Circle  A  D  E  5  the  remaining  Trilineum 
P  QR  S  will  be  equal  to  the  Triangle  ADC.  And  four  fuch,  in  the  four 
Quadrants  of  the  Hemifphere,  will  be  equal  to  the  Square  infcribed  in  the 
Bafe.  But  that  Bilineum  may  be  had  by  what  we  have  formerly  proved  in 
^hc  Places  above  cited. 

The  fame  may  be  thus  done  more  univerfally. 

Q^being  any  where  taken  in  the  Arch  D  Z,  fo  that  D  Q^may  not  be 
greater  than  D  Z ;  and  how  much  the  Quadrilineum  D  QJT  S  A  is  deficient 
Irom  the  whole  to  be  taken  away,  fo  much  let  the  Bilineum  QR  ST  fup- 
ply.     The  Remainder  will  be  equal  to  the  Triangle  ADC. 

And  therefore  if  Q^be  taken  in  D,  fo  that  the  Quadrilineum  may  vanifh ; 
the  Bilineum  muft  be  taken  equal  to  the  whole  that  is  to  be  taken  away. 
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iBut  if  Q^  is  taken  in  2,  fo  that  there  is  no  OccaQon  for  the  Bilineum^  the 
Quadrilineum  will  be  equal  to  the  whole  that  is  to  be  taken  away. 

And  all  the  fame  Things,  concerning  the  Qaadrilineum  and  BilineuRi, 

which  together  cortipleat  the  whole  to  be  taken  aw^y,  kre  alike  to  be  ac- 

*     comrhodated,    mutatis  mutandis^  if  inftead  of  the  Square  infcribcd  in  the 

Bafe,  any  other  Square  QQ  is  fubftituted,  which  is  not  greater  than  the 

whole  Surface  of  the  Heninphcre. 

After  this  was  wrote,  and  in  the  Prefs,  I  was  informed,  that  the  learned 

Mr.  Leibnitz  had  given  an  Anfwer  to  this  Problem,  and  that  it  was  inferted 

in  the  Journals  of  Leipftck  fbr  the  Month  of  June  1 692.   Upon  which  I  ftopt 

the  PreTs  for  fome  Weeks,  that  I  might  get  a  Sight  of  it,  which  with  fomc 

Difficulty  I  at  laft  obtained.     There  I  faw  that  that  great  Man  was  of  my 

Opinion,  that  the  Problem  is  not  of  that  Kind  which  is  called  Determinate, 

but  may  be  foHred  in  a  great  Variety  of  Manners,  or  rather  infinite  Ways. 

IJlrr'^ww-  Author  of  this  -Enigma  has  now  given  us  a  v«ry  ingenious  and  ready 

firalXhyOr.  Conftruftion  of  his  Problem,  in  an  Italian  Treatife  on  the  Formation  and 

D.  Gregory.^     Mcnfuratiott  of  all  Vaults  and  Cupolas,  dedicated  to  the  Grand  Duke  of 

jin!  An.  i$94,  ftufcawf ;  wherein  he  has  been  pleafed  to  give  us  his  Name,  by  V  V.  the  laft 

Difciple  of  Gtf//&«j :  Whereas  before  he  Concealed  it  by  a  Tranfpofition  of 

the  Letters,  as  in  an  Anagram,  under  the  ^feigned  Name  of  D.  Pio  Lifci^ 

puftllo  Geometra. 

But  now  the  JEnigma  is  converted  by  the  Author  into  the  following  Pro- 
blem;: Jjpon  the  Surface  of  an  Hemifpbere  to  ajfign  a  Portion  equal  to  a  given 
Square.    Which  he  thus  conftrufts. 
fig.  It.  'Let  the  Sphere,  whofe  Axis  is  equal  to  the  Side  of  the  given  Square,  be 

Tcprefertted  by  the  Circle  A  C  B  D,  which  is  vertical  in  the  propofed  Sphere, 
whole  Horizontal  Diameter  is  A  B,  and  Center  E.  Let  the  Sphere  be  per- 
forated by  <^;^o  upright  Cylinders,  whofe  common  Seftions  with  the  Plain 
A  C  B  D  are  the  Circles  B  L  E  O,  A  H  E  I,  dcfcribed  with  the  Diameters 
E  B,  E  A.  I  fay  the  Thing  is  done ;  that  is,  from  every  Hemifpherc, 
for  Inftance  the  upper  A  C  B,  four  bilinear  Figures  are  taken  off  by  the  per- 
forating Cylinders,  two  on  the  anterior  Side,  and  two  on  the  pofterior,  which 
lare  fimilar  and  fimilarly  pofited,  fo  that  the  remaining  Hemifpherical  Super- 
ficies is  e^ual  to  the  Square  of  die  Line  A  B.  And  becaufe  the  Hemifphe- 
rical Silperfidea,  When  the  four  faid  Bilinear  Spaces  are  taken  away,  repre- 
fents  a  Sail  filled  and  Extended  by  the  Wind,  and  alfo  an  Hemifpherical 
Cupola  admitting  Light  by  four  Windows,  which  being  conftrufted  upon  a 
Circular  Bafe  A  EB,  refts  upon  it  at  the  Points  A,  E,  E,  B.  This  he  calls, 
according  to^a  Right  he  has.  The  ^adruple  Florentine  and  Veliform  Cupola. 

Then  the  Author  in  his  Treatife  delivers  mahy  Things  which  regard  the 
Praftice  \  hpw  by  the  Affiftance  of  the  Lathe  and  Cylindrical  Auger  to  make 
M6dtls  of  this,  as  well  as  of  five  Other  Clipolas.  And  for  this  purpofc,  he 
C9nftru6ls  fome  other  curious  Problems ;  the  Demonftrations  of  all  whick 
!are  omitted  by  the  Author,  but  will  eafily  follow  from  what  is  here  delivered* 
It  appears  plainly,  that  the  four  WindoWs  in  the  Hemifphere,  conftruaed 
as  above,  are  Figures  equal,  fimilar,  and  fimilarly  pofited^    It  on4y  rema'ms, 

that 
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lUtt  we  OkKiA  prove  tKe  temaining  Hcmifpherical  Superfides  is  apahk  of  a 
true  Geometricsu  Quadrature. 

In  the  Point  E,  equal  to  the  Line  E  A,  let  a  Line  be  fuppofed  to  bfe 
otfted,  perpendicular  to  the  Plain  C  A  D  B ;  and  upoa  the  Periphery  ACBD  • 
kt  there  be  anxrcft  Cylin4rics^l  Superficies  of  the  fame  Height.    It  is  com- 
moEij  known,  that  a  Portio;i  pf  the  Spherical  Surface,  comprehended  be- 
tween two  Plains  parallel  to  the  Circte  A  B  C  P,  isi  equal  to  the  Portion  of  * 
the  Cylindrical  Superficies  between  the  iame  Plains;  and  that  like  Portions  ^ 
of  thefe  Rings,   cut  off  by  Plains  mutually  interfefltmg  one  another  in  the 
Perpendicular erefted  atE,  are  eqqal  alfo.    Now  by  drawing. innumerable 
Plains  parallel  to  the  Bafe  A  C  B  D,  if  in  the  Cylindrical  Superficies  Parts  > 
are  conceived  to  be  defcribed  in  the  aforefaid  Manner,  equal  to  the  corref- 
pondent  Spherical  P^rts  5  that  which  is  reprefented  by  the  Perforation  of  the 
Superficies,  and  taken  away  oppofite  to  it,  will  be  equal  to  it. .  So  that  it : 
appears  the  remaining  Superficies  after  the  Perforation  is  equal  to  the  re- 
maining Cylindrical  Superficies,  excepting  that  which  as  determined  by*  tlie 
£iid  innumerable  Plains,  and  is  oppofite  to  that  which  is  taken  away.*.  Let  . 
any  Diaaieter  P  M  be  drawn,  cuttmg  the  Periphery  A  H  p  apy  how  in  H*  - 
Join  HA,  and  through  H  let  RT  be  drawn  perpendicular  to  A B>' and  1 
parallel  to  D  C  drawn  through  E,  meeting  the  Periphery  A  C  B  D  in  ^  and 
T,  and  the  Periphery  A I  E  in  I.\  Upon  the  Diameter  R  T  let  a  Semicir- 
cle be  drawn,  whofe  Periphery  is  cut  by  HS  and  I  Q^perpendicqlar  to  RT>  > 
in  the  Fomta  S  and  Q^    Let  the  Plain  of  this  Semicircle  be  conceived  to  be 
pprpendicukr  to  the  Circle  ABC  D.>   Whence  the.  Periphery  R  S  QT.wiU 
be  m  the  Hemiibberical  Superficies,  and  the  Right  Line  HS,-iiow  perpen- 
dicuJar  to  the  Plain  A  C  B  I>,  will  be  the  Heiglxt  of  the  perforating  Cylin- 
drical Superficies  above  the  Point  of  the  Bafe  H/ .  And  the  farne.  Thing  ob- 
tains in  every  Point  of  the  perforating  Cylindrical  Superficies,  wz^that  its 
Height  to.  the  Superficies  of  the  Sphere  above  any  .Ppint  H  of  the  Bafe,  is 
the  Right  Line  H  S  produced  4s  before.  .  Bat  H  S  is  equal  to  H  A,  the  . 
Right  Sine,  of  the  Arch  MA,  bccaufe  either  of  them  is  a  mean  Gpometri-  - 
cal  Plropordonal  between  PH  and  HM;  one  in  the  Circle  MAP,  the 
other  in  a.great..Circle  of  the.  Sphere,  p^fiing  throggh  the.  Points.  M,  S>  , 
and  P. 

If  in  the  Perpendicular  to  the  Plain  ACBD  ercdted  ^t  E,  from  Fbe  ta- 
ken a  Right  Line  equal,  to  HS  or.HA,^and  from  its. Extremity.; parallel 
Lines  ace  drawn  to  P  M  and  U.  N ;  the  Plain  drawn  through;  them  will  bp 
parallel  to  the  Plain  A  C  B  D,>  and  thefe  Lines  will  pafs  throvigh  ther  Points 
SandQ,  and  being'>produced  as  far  as  the  Cylindrical. Surface  confcribed 
about  the  Hemifphcre,  irom  the  Sides  of  the  Cylinder  »will  cut  off  Right 
Lines,  which  will  likewife  be  equal  to  H  S  or  H  A,  and  willanclude  Arches  . 
x]ual  and  correfpondent  :to  the  Arches  <M  N  tand  VP.-   Now  .if  another 
Plain  Parallel  to  this  at.  a  very  fmall  Diftance  be  conceived  to  be  drawn  in  . 
like  Manner,'  by  what  is  already  ihiewn,.  thefe  two  will  mark  out  in  the.Cy-  - 
findrical  Surface  a  Portion  of  a  Ring,  jeqM  to  the  Portion  between  the  fame 
Pbunsj  which  is  taken  aw»y  fiom  Sic  Hemifpherical  Superficies  by  its  Per^ 

El2-  foration^i. 
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Foration.  Now  if  the  feme  Conftruftion  is  fuppofed  to  be  made  at  every 
Point  in  the  Periphery  A  H  E,  all  the  Portions  in  the  Cylindrical  Superfi- 
cies circumfcribed  about  the  Hemifphcre,  generated  and  marked  out  in  the 
Manner  aforefaid,  will  be  equal  to  the  Spherical  Superficies  taken  away  by 
the  Perforation.  Therefore  the  remaining  Hemifpherical  Surface  will  be 
equal  to  the  remaining  Cylindrical  Surface,  compofed  of  all  the  Right  Lines 
H  A,  erefted  at  the  refpeftive  Points  M,  N,  V,  and  P,  or  to  the  Figure  of 
the  Right  Sines  of  the  Semiperipheries  A  C  B,  A  D  B  5  that  is,  by  what 
has  been  Jong  known  to  Geometricians,  to  four  Times  the  Square  of  the  Ra- 
dius A  E,  or  finally  to  the  Square  of  the  Diameter  A  B.  And  fince  the  two 
intire  Figures  contained  by  the  common  Seftion  of  the  aforefaid  perforating 
Cylindrical  Surface  with  the  Surface  of  the  Sphere,  are  equal  to  the  four 
Halves  of  the  fame ;  it  is  plain  that  the  remaining  Hemifpherical  Superficies 
A  C  B,  taking  away  the  four  Bilinear  Spaces  as  in  the  Conftruftion  aforego- 
ing, is  equal  to  the  Square  of  the  Diameter  A  B.     ^E.  D. 

If  the  Semiperiphery  A  H  £  is  ib  inflefted,  that  it  may  coincide  with  the 
equal  Quadrant  or  the  Periphery  ARC;  the  Point  H  will  fall  upon  the 
Point  M,  becaufe  of  equal  Arches  AH,  AM;  and  H  S  the  Altitude  at  H 
of  the  Cylindrical  Surface  infilling  upon  A  H  E,  will  coincide  with  its  equal 
H  A,  the  Altitude  at  M  of  the  Figure  of  Right  Sines  erefted  upon  A  M  C  5 
and  the  fame  Thing  obtains  in  all  other  Points*  Whence  the  Curve  whkh 
is  the  common  Interfeftion  of  the  Spherical  Surface  with  the  Cylindrical 
Surface,  infledted  upon  the  Bafe  A  H  K,  though  it  does  not  lie  in  the  fame 
Plain,  yet  will  coincide  with  it  as  faid  before,  and  therefore  is  equal  to  the 
Curve  that  terminates  the  Figure  of  Right  Sines  ;  that  is,  to  the  common 
Sedion  of  the  Cylindric  Surface  creded  upon  the  Quadrantal  Arch  ARC, 
with  the  Plain  cutting  the  Plain  of  the  Bafe  in  the  Right  line  B  A  at  half 
Right  Angles;  or  to  a  Quarter  of  the  Elliptical  Curve  whofe  lefTer  Axis  is 
A  B,  and  its  greater  Axis  is  double  in  Power  to  the  lame.  Therefore  the  Pe- 
rimeter of  the  Quadrable  Florentine  Sail,  confifl:ing  of  four  fuch  Arches,  is 
equal  to  the  Perimeter  of  the  aforefaid  EUipfis. 

Moreover  it  will  not  be  amifs  to  add,  that  the  Superficies  of  two  perfora- 
^ng  Cylinders  within  the  Sphere,  are  equal  to  the  Spherical  Surface  remain- 
ing  after  the  Perforation,  or  to  a  double  Fhreniine  Sail,  that  is,  to  the  dou- 
ble Square  of  the  Diameter.  And  this  appears  ft-om  hence,  that  the  Floren- 
iine  Sail  is  equal  to  four  Figures  of  Right  Sines  of  the  Quadrant,  and  the 
perforating  Superficies  is  alfo  equal  to  the  fame,  becaufe  it  is  congruous  with 
them,  if  the  Infleftion  is  as  above. 

I  fliall  only  add  one  Word  more,  that  the  Confidetation  of  the  Figure  of 
Right  Sines,  (the  Parts  alfo  of  which  are  eafily  changed  into  Squares)  are 
Sufficient  for  the  Demonftration  of  all  thofe  Things,  which  are  delivered  con- 
cerning other  Solids  wrought  by  the  Turning-Lathe,  or  perforated  by  a  Cy- 
linder, and  their  Superficies  5  by  the  moft  acute  Geometrician  V.  V.  {Vincent' 
ih  Vivianu  if  I  miftake  not)  the  very  worthy  Difciple  of  Galil^s  -,  when  he 
inftrufts  us  in  the  Conftruftion  and  Menfuration  of  Vaults  or  Cupolas.  Par- 
dcularly  the  Surface  of  the  Roman  Boat-like  Cupola  \yoUa  a  Scbifo^dla  Ro- 
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wna]  confifts  of  eight  Figures  of  the  Right  Sines  of  the  Quadrantal  Arch^ 
mi  therefore  is  equal  to  the  Florentine  Veliform  Cupola.  vVhence  it  ap- 
pears how  two  Cupolas^  may  be  conftituted  upon  equal  Squares,  one  of  which 
B  Ihut  up  on  all  Sides,  the  other  perforated  by  Windows,  each  of  which  is 
double  to  the  Square  of  the  Bafe. 

VIL  I .  Drawing  tbeftreigbt  Lines  E  A^  and  E  B  (cutting  the  Arc  AB  in  G,;  n>i  siuairaw^ 
and  on  AG,  a  Perpendicular  E  F,  (which  will  therefore  pafs  to  the  Qnter  C,  iuvLZ't 
beaufe  bifeSing  AG  at  Right  Angles  \)  the  Right  lined  Triangle  APE  is^-h  Pcis,  ^ 
efual  JoADEy  the  propofed  Portion  of  the  Lunula.  ^f  j'wilfi,^ 

The  Demoiiftration  is  to  this  purpofe;  viz.  ADB  being  a  Quadrantal  j^'^^-J^^^' 
Arc  i  the  Angle  A  G  B  will  be  three  Halves  of  a  Right  Angle  ;  (and  its  con- 
junft  Angle  EGA,  half  a  Right  Angle)  and  that  Angle  (being  external  to 
the  Triangle  A  G  E)  is  equal  to  the  two  oppofite  Intervals  G  E  A  -|-  E  A  G. 
Whereof  G  E  A  (becaufe  an  Angle  in  the  Semicircle  A  E  B)  is  a  Right  Anglc^ 
and  therefore  E  AG  is  half  a  Right  Angle,  (as  are  alfo  PEG,  and  F  E  A) 
and  the  three  Triangles  A  F  E,  G  F  E  and  G  E  A,  each  of  them  half  a  Square, 
And  AG  to  A  E,  as  ^/  2  to  i,  (proportional  to  the  refpeftive  Radii  of  the 
two  Circles.)  And  the  like  Segments  A  D  G,  A  E,  in  their  refpedive  Cir- 
cles (is  the  Squares  of  their  refpeftive  Radii)  as  2  to  i.  And  therefore  the 
Semifegment  A  F  D,  equal  to  the  Segment  A  E ;  and  confequently  (one  ta- 
king from  the  Triangle  as  much  as  the  other  adds  to  it)  the  Portion  of  the 
Lunula  A  D  E,  equal  to  the  Triangle  A  F  E.     ^  E.  D. 

If  the  Point  E  chance  to  be  in  K  (the  middle  of  the  Arc  A  E  B),  there  will 
be  no  Interfcftion  at  G  (the  Points  G,  B,  being  then  coincident,  but  without 
any  Difturbance  to  the  Demonftration) :  If  it  happen  beyond  it,  toward  B,. 
then  G  will  be  on  the  other  fide ;  and  what  is  here  faid  of  E  G  B,  muft  be 
accommodated  to  E  G  A. 

The  Ground  of  the  whole  Procefs  is  plainly  this :  The  Angle  A  C  E,  be-    . 
ing  an  Angle  at  the  Center  of  the  greater  Circle,  but  at  the  Circumference 
of  the  Leffer,  the  Line  C  D  E  (as  it  paffeth  from  C  A  to  C  B)  doth,  in  the 
lame  Proportion,  divide  the  Quadrantal  Arc  ADB,  and  the  Semicircular 
A  E  B :  Whence  all  the  reft  doth  naturally  follow. 

2.  If  you  compleat  the  two  Circles,  whofe  Arcs  contain  the  Lunula  of  Hip-  j^roviJbyDf^ 
ferrates,  the  fame  is  true  as  well  of  the  Points  in  the  other  Semicircle  A  C  B,  Gregory,  ibid. 
1    of  ihofe  in  the  Semicircle  A  E  B,  and  for  the  fame  Reafons ;  as  appears  in  Dec." An.  1699. 
1     Scheme  annexed,  wherein  I  have  marlc'd  the  Points  in  the  Semicircle  ACB»     ^'r  »♦• 
'     rrefpondent  to  thofe  of  Mr.  Perks,   in  A  E  B)  with  the  correfpondent 

ill  Letters  in  the  Aoman  and  Greek  Alphabets, 

if  Mr.  Perks  had  made  his  Conftruftion  univerfal,  by  making  both  E  A  and 
■  B  meet  with  the  greater  Circle,  (which  he  might  have  done  by  protracting  ' 
1  ;fe  Lines  and  the  greater  Circle  till  they  meet)  he  might  have  found  that 
1  I  Portions  of  the  Spaces  A  £  C  M,  B  H  C  N,  (fuppofing  M  C  N  parallel  to 
.  Bj  are  Quadrable  as  well  as  thofe  of  Hippocrates^^  Lunula,  and  that  E  A  y  be- 
I  ing 
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ii^aftrelgbtLine,  the  Portion  AED  of  Hipfacrati/$  Lunula^  isto  Aif(tfid 
Correfpondent  of  A  t  C  M)  in  duplicate  Proportion  of  C  i  ;o  A  # ;  for  £  R  t 
(at  R  the  Center  of  the  Icfler  Circle)  is,  in  this  Cafe,  a  Right  Angle. 

Moreover,  If  you  take  any  Point  i,  in  the  Semicircle  ACB,  and  proceed 
according  to  Mr.  Perks^s  Conftruftion  univerializ'd,  as  abovefajd,  you  wiU 
find,  on  the  one  fide,  the  Trilineum  A  c  i  (contained  by  the  Arcs  A  « ,  A  ^, 
and  the  ftreight  Line  <  J)  equal  to  the  Reftilineal  Triangle  A  t  $ ;  and  on  th^ 
other  fide,  the  Trilineum  contained  by  the  Arc  B  •  (the  C6mplen>ent  of  •  A  ta 
the  Semicircumference)  and  the  Arc  ]&  d  (the  Complement  of  A  *  to  the  fourth 
Part  of  the  Circumference)  and  the  ftreight  Line  f  d^  (that  is  the  Trilineum 
B  H  C  i/  diminifhed  by  the  Segment  C  f)  to  be  equal  to  the  Reftilineal  Tri- 
angle B  c/;  and  that  thofe  two  Spaces  Ati^  and  the  Diflference  of  B  H  C  ^  * 
from  the  Segment  C  t  (Parts  of  the  Lunula  A  C  B^  y  A)  taken  together,  are 
equal  to  the  Triangle  A  C  B,  as  jwell  as  to  the  two  Spaces  A  £  D  and  B  £D» . 
Parts  of  the  Lunula  of  Hippocrates. 

So  that  qpon  the  whole  it  appears,   that  the  two  Circles  (containing  thp 
Jjinula  of  Hippocrates)  being  compleated,  this  Lunula^  A  £  B  G  A,  and  th(t  - 
other,  A  C  B^ y  A,  make  up  one  Syftem,  and  are  conjugate  Figures. 

For,  drawing  a  ftreight  Line  C  D  E,  or  C i  j;  or  i  C ^,  at  pleafure,  thro** 
C,  the  Center  of  the  greater  Circle,  and  cutting  thofe  two  Circles,  the  Space, 
contained  within  two  Arcs  of  thefe  two  Circles,  and  Part  of  the  faid  ftreight 
Line  (^as  A  E  D,  or  A  t  ^,  or  B  H  f  //;  is  equal  to  the  reftilineal  Triangle  - 
A  E  F  or  A « (p,  or  B « /,  reJpe<aively. 

And  fo  it  happens,  that  if  this  Line  going  out  from  C,  be  on  the  fame  fide 
of  the  Diameter  M  N  with  the  Lunula  of  Hippocrates^  the  aforelaid  Space  • 
(which  receives  a  perfcft  Quadrature)  is  Soliury ;  fiich  as  are  the  Parts  of 
Hippocrates^  Lunula^  and  of  the  two  Spaces,  At^CM,  BHCN  (which  there? 
fore  are  Parts  of  the  Lunula^  more  nearly  relating  to  Qne  another.) 

But  if  that  Line  going  out  from  C  be  on  the  other  fide  of  M  N,  then  thie  - 
Space  which  is  equal  to  the  Redilineal  Triangle  is  the  Difference  of  two  Mix^< 
tilineal  Figures  (the  one  a  Trilineum,  the  other  a  Segn^ent  of  the  lefTer  Cir-^- 
cle),  as  is  abovefaid ;  neither  of  which  can  be  fi:]uared  feverally. 

AH  thefe  Particulars  are  plain  from  Mr.  Ferks^%  Deraonftratipn  5  whicbi  . 
with  a  little  Variation  (fuch  as  is  ufual  in  the  dififerent  Cafes  of  the  fame  TheON^- 
rem),  is  applicable  to  them  all ;  tho*  perhaps  he  was  not  aware  of  it. . 

The  like  was  done  (without  aqy  Demonflration)  by  M-  "tfcbirnbaufe^.  in  the  • 
jl&a  Lipfia  1687,  to  this  purpofe :  If  fi'x>m  any  Point  E,  in  the  Circumference 
of  the  leflTcr  Circle,  we  let  fall  on  A  B  a  perpendicular  Line  cutting  it  in  L>. 
and  draw  the  Line  C  L ;  the  Triangle  C  A  L  is  equal  to  the  Portion  of  the 
Lunula  A  E D  (and  confequently  the  Triangle  C )8L  equal  to  the  Portion 
BED);  which  I  fliall  demonftrate  fo  as  the  Demonftration  may  alfo  reach 
the  Portions  of  the  conjugate  Space  A  C  Br  y  A. 

For  the  Triangles  ACB,  A  E  F,  are  Like  Triangles,  each  being  the  Half 
of  a  Square ;  and  therefore,,  by  19  EL  6.  the  Triangle  A  C  B  is  to  the  Tri- 
angle A  EF  in  the  duplicate  Proportion  of  B  A  to  A  E,  that  is,  by  8  El  6. 
as  BAis  toAL:  Byt,  by  i  £/.  6.  the  Triangle  A  C  B  is  to  the  Triangle 

ACL 
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ACLas  BAisto  AL:  Therefore,  by  o  El.  g.  the  Triangles  A  C  L  and 
AE  F  are  equal :  But  the  Triangle  A  E  F  fe  (by  Mr.  Peris)  proved  equal 
to  the  Portion  A  E  D }  and  therefore  the  Portion  A  E  D  is  alfo  equal  to  the 
Triangle  ACL. 

•4 

3.  On  the  Center  B,  Mr.  Cafivelt  draws  by  A  a  third  Circle,  which  forms  By  Mr.  caf- 
inother  Lunula  than  that  of  Hippocra(es%  and  he  doth  (very  dcxtroufly)wcU>'*-/-4»7* 
iquare  the  Portions  of  this  Lunula ;  and  doth  hereby  let  os  into  a  new  Sy- 

fieiii,  which  may  be  purfued  in  like  manner  as  Dr.  Gregory  hath  done  that 
i£  Hippocrates. 

4.  M,  Tfchimhaufe^  letting  fall  from  E  (on  AB)  a  Perpendicular  E  L,  £>  Dr.  Waiubt 
determina  the  Angle  A  L  C  equal  to  the  Portion  A  D  E 1  which  being  ad-*'^  ^^^ 
mitted,  wc  may  thus  divide  the  Lunula  in  any  given  Proportion  1  if  we  di- 
vide A  6  at  L  in  fuch  given  Proportion,  C  L  will,  in  the  fame  Proportion 
(becaufe  of  the  common  Altitude)  divide  the  Triangle  A  C  B  (which  is  equail 

to  the  whole  Lumla),  and  L  E  (eredted  at  Right  Angles  on  A  L  B)  will  de- 
termine the^Point  E;  from  whence  if  we  draw  to  C  the  ftreight  Line  EC^ 
tiiis  will,  at  D  £,  divide  the  Lunula  in  the  &me  Proportion. 

Mr.  PerkSj  on  E  D  C  drawing  the  Perpendicular  A  F,  determinics  the  Se-    F%.  %u 
miquadrate  A  F  E  equal  to  the  propoFed  Portion  A  D  E  1  which  Semiqua- 
drateiis  a  Like  Figure,  and  alike  ncuate  to  A  E  as  is  A  C  B  to  A  B. 

And  therefore  (becaufe  Like  Figures  are  in  duplicate  Proportion  of  their 
tefpeftive  Sides)  if  We  fo  infcribe  A  E,  as  that  the  Square  of  A  E  be  to  the 
Square  of  A  B  in  fuch  given  Proportion,  the  Lunula  will,  at  D  £,  be  ib  di« 
wided  as  is  rec|uired. 

And  this  will  hold  (if  duly  applied,  according  as  the  different  Cafes  may 
acquire)  though  E  be  taken  (in  the  Continuation  of  theSemicircleJ  beyond  A  j 
lor,  ftiil  like  Figures  will  be  in  duplicate  Proportion  of  their  refpeftive  fidcs>    ' 
^nd  C  E  =  C  D  =  D  E  5  and  the  fame  is  yet  improveable  much  further, 

VIII.  If  upon  B  C  you  take  any  two  Points  D,  E,  and  draw  the  Perpen-7i* />/««/«*  y 
dicufars  D  H,  E  M,  meeting  B  A  in  I  and  L,  and  cutdng  a  Portion  FGMH,^^^'j^;^;;;;^^^^ 
of  the  Lunula  5  the  Solid  generated  by  the  Converfion  of  this  Portion  about «/ Hippocrates'* 
the  Axis  B  C,  is  equal  to  a  Prifm,  whofe  Bafe  is  I  L  M  H,  and  Height  the  ird^Moim, 
Circumference  of  a  Circle  whofe  Diameter  is  B  C  5  and  the  Solid  generated  by  n.  165.  ^  6*4. 
the  Semicircle  B  K  A,  is  equal  to  a  Prifm  or  Semicylinder,  whofe  Bafe  is  the  J"^i.^;;^7°^ 

micircle  BKA,  and  Height  the  Circumference  of  a  Circle  whofe  Diame- 
isBC. 

Having  bifefted  B  A  in  R,   and    B  C  in   P,  the  Surface   generated 
r  the  Converfion  of  the  Arc  H  M  about  the  Axis  B  C,    is  equal  to 

cBPxHM  +  BRxDE  (fuppofing  the  Ratio  of  the  Radius  to  the  Cir* 

inference  to  be  as  r  to  c)  and  the  Surface  generated  by  the  Semicircumfe- 
ice  BK  A  is  equal  to  a  Reftangle  whofe  Bafe  is  the  Sum  of  that  Seniicir- 
mfcrcricc  and  Diameter  B  A,  and  Height,  the  Circumference  of  a  Circle^ 

whofe 
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whofe  Diameter  is  B  C.  As  for  the  Surface  generated  by  the  Arc  G  F,  'tis 
well  known  that  it  is  equal  to  a  Reftangle,  whofe  Bafe  is  the  Circumference 
of  a  Circle  whofe  Radius  is  B  C,  and  Height  D  E ;  therefore  the  Surface  ge- 
nerated by  the  Converfion  of  the  Portion  MH  FG  is  known. 

>35f.»8i  If  upon  B  A,  you  take  any  two  Points  I,  L,  and  draw  I N,  L  V,  perpen- 

dicular to  it,  cutting  the  Quadrant  in  O  and  T,  and  the  Circumference  in 
Nand  V;  the  Solid  generated  by  the  Converfion  of  the  Portion  ONVT 
about  the  Axis  B  A,  is  equal  to  a  Prifm  whofe  Bafe  is  I O  T  L,  and  Height 
the  Circumference  of  a  Circle  whofe  Diameter  is  B  A. 

Having  bifefted  B  A  in  R,  and  drawn  C  R  meeting  the  Quadrant  in  G, 
the  Surface  generated  by  the  Converfion  of  the  Arc  O  T  about  B  A^  is  equal 

^^TXCGxlL— .CRxOT. 

r^.tj^ '  Bifcft  D  E  in  I ;  thro*  the  Center  draw  S  Qj^  parallel  to  B  C,  meeting  the 
Circumference  BK  A  in  S,  B K  parallel  to  A  C  in  V,  and  the  Lines  D H, 
E  M,  in  N  and  O ;  the  Solid  generated  by  the  Converfion  of  the  Portion  FGM  N 

about  the  Axis  AC,  is-^  x4-MO^  _  i- N»  +  PC  xNOM  H4. 
CYxDNOE-^i-EG'  +tI^P'  » *^^  ^^^  ^^^^  generated  by  the  Segment 
KBS  is  — XtVKj+PCxBVKS;  therefore  the  Solid  generated  by 


the  Semicircle  B  K  A  about  AC,  is— xPCxVQAK  +  PCxBCQV 

—  |AC'  +  iVK^  +  PCxB  VKS,  which  by  due  Reduftion,  will  be 
found  equal  to  the  Solid  generated  by  the  Converfion  of  the  fame  Semicircle 
about  the  Axis  B  C. 

fig.1%.  The  Solid  generated  by  the  Portion  ONVT,  about  the  Axis  CP,  is 

equal  to-^ xi.  L  V»^^IN3  — j-Q^T^  +  i-PO^  +  CSxPQJL. 

Fif .  vj.  From  the  Points  M,  H,   drop  the  two  Perpendiculars  M  Z,   H  W, 

upon  C  A  prolonged,  if  need  be  5   the  Surface  generated  by  the  Conver- 

c 
fion  of  the  Arc  H M,  about  the  Axis  C  A,  is  equal  to-^xPCxHM 


r- 


—  R  A  X  W  Z,  when  the  Point  Z  is  next  toC;  or^xPCxH  M+R  AxW  Z, 

when  the  Point  W  is  next  to  it. 

Thofe  that  will  think  it  worth  their  while  to  beftow  fome  little  Pains  to 
find  the  Demonftration  of  this,  may  folve  the  following  Problem, 
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Any  two  Conic  SeSions  being  ^ven^  forming  a  Lunula  by  tbtir  InterfeSiph^  ' 
^nd  a  Right  Line  being  given  by  Pofttion^  about  whichy  as  an  Jxis^  this 
Lunula  is  imagined  to  turn^  To  find  the  Solid  generated  by  the  Conver/ton 
of  any  of  its  PartSy  cut  off  by  Lines  perpendicular  to  that  Jxis,  or  pa-' 
rallel  to  ity  or  making  any  given  Angle  with  it  j  as  alfo  the  Surfaces  made 
hy  that  Converfion. 

IX.  Suppofe  D  P  V  to  be  Half  of  an  exterior  Epicycloid,  VB  its  Axis^^^^'^^' 
V  the  Vertex,  VLB  Half  the  generant  Circle,  E  its  Center  j  D  B  the  Bafe,  ftel^S^h^.k, 
C  its  Center :  Bifeft  the  Arc  of  the  Semicircle  V  B  in  L,  and  on  the  Center  C,  ^'  cafwdi.' 
thro*  L,  draw  a  Circle  cutting  the  Epicycloid  in  P :  Then,  I  fay,  the  Curvili-  oa.'LfXll 

near  Triangle  V  L  P  will  be  5=  B  E  y  in  ^^ ;  that  is,  the  Square  of  the  Se- .    '^'  *^* 

midiamcter  of  the  generant  Circle,  will  be  to  the  Curvilinear  Triangle  V  LP, 
as  Cfi,  the  Semidiametcr  of  the  Bafe,  to  C  E  •,  which  C  E  in  the  exterior  E* 
picycloid  is  the  Sum  of  the  Semidiameters  of  the  Bafe  and  Generant  -,  but  in 
the  interior  Epicycloid  DpUy  it  is  the  Difference  of  the  faid  Semidiameters. 

COROLL.L]  In  the  interior  Epicycloid,  if  CE  is  i  CB,  the  Epicy- 
cloid then  degenerating  into  a  Right  Line,  the  Quadrature  of  the  Triangle 
ipUy  will  be  in  eflFedb  the  fame  with  the  Quadrature  of  Hippocrates  Cbius. 

COROLL.  II.]  If  the  Semidiameter  of  the  Bafe  is  fuppofed  infinite,  the 
H.picycloid  then  being  the  common  Cycloid,  the  Area  of  the  faid  Triangle 
will  be  equal  to  the  Square  of  the  Radius  of  the  Generant^  and  fo  it  falls  in 
with  that  Theorem  which  Lalovera  found,  and  calls  Mirabile. 

The  general  Propofition  from  whence  I  deduced  the  abovefaid  Quadrature:, 
is  this,  viz.  The  Segments  of  the  generant  Circle  are  to  the  corrcfpondent 
Segments  of  the  Epicycloid,  asCBtoaCE-f-CB.  For  Example ;  Sup- 
pofe F  an  G,  the  Pofition  of  Part  of  the  Generant,  when  the  Point  F  of  the 
exterior  Epicycloid  was  deCgned,  then  the  Segment  F  »i  G  »  is  to  the  Seg- 
ment DF»G,  asCBt0  2CE  +  CB;  and  confequently  the  whole  Epicy-  . 
cloid  to  the  whole  Generant  in  the  fame  Proportion  5  which  is  the  only  Cafe  "•  ■*^-'  * 
demonflrated  by  M.  de  la  Hire. 

It  follows  alio,  that  in  the  Vulgar  Cycloid  its  Segments  are  triple  of  the 
corrcfpondent  Seniors  of  the  Generant ;  which  was  firft  fhewn  by  Dr.  fFallis. 

X,  The  Area  of  the  Cycloid  or  Epicy chndy  whether  it  be  primitive^  or  contraSl-  a  general  Prop^ 
edy  or  dilated,  is  to  the  Area  of  the  generating  Circle ;  and  alfo  the  ^reasfi'^'^fl'^^'l^^j^ 
of  the  generated  Parts  in  the  fame  Curves y  to  the  Areas  of  the  analogous '»^^  Ej>nycMt\ 
Segments  of  the  Circle ;   as  the  Sum  of  the  double  Velocity  of  the  Center%^^^^^^^^^ 
and  the  Velocity  of  the  Circular  Motiony  to  the  Velocity  of  the  Circulars  125.' 
Motion. 

}emonjiration.  Let  any  Epicycloid  Y  PS  QV  B  be  defcribed,  by  the  Re-    Fig.  30. 
jtion  of  the  Circle  VLB,  upon  the  Circular  Bafe  YMNB.    Let  the 
'uL  F  Center 
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Center  of  the  generating  Circle  be  r,  and  drawing  ^  M  K,  let  the  Circle  infill 
tipon  the  Bafe  in  the  Point  M,  and  let  S  be  the  delineating  Point.     Now  di- 
viding the  Motions,  by  the  Circular  Motion  firft  let  the  Point  S  be  tranf- 
ferred  to  R,  that  the  Arch  S  M  may  be  increafed  by  the  indivifible  Particle 
RS ;  then  let  the  Center  c  go  forward  to  C.    By  this  Motion  the  Segment 
R  S  M  being  tranflated  to  the  Situation  Q.TN,  the  Point  Q  will  reach  the 
Curve.     It  is  plain  that  the  Triangle  R  S  M  is  the  Moment  or  Fluxion  of  the 
Area  of  the  Circular  Segment :   But  the  Trapezium  Q^S  M  N  is  the  Fluxion 
of  the  Area  of  the  Curvilinear  Space  generated  at  the  fame  Time.  Now  fince 
S  M,  R  M,  Q^M,  are  fuppofed  to  differ  from  one  another  only  by  a  Point, 
conceive   the   little  Area  QS M N  to  confift  of  three  Seftors  RMS, 
R  M  Q,  M  QN  J   and  therefore  the  little  Area  R  M  S  is  to  the  little 
Area  Q  S  M  N,  as  the  Angle  R  M  S  to  the  Sum  of  the  three  Angles 
R  M  S  H-  R  M  CH-  M  Q^N.      But    the   Angles  R  M  Qj-H  M  (^N 
are  equal  to  the  Angles  M  C  N  -I-  M  K  N,   or  to  the  Angle  ^  M  C ; 
becaufe  of  the  Lines  R  M,  QN  inclined  to  one  another  in  an  Angle  equal  to 
M  K  N,  and  becaufe  of  the  Angle  M  ON  b(^ng  half  M  C  N,  by  EmL  20. 
III.    Therefore  the  Angle  R  M  S  is  to  tKe  Angles  R  M  S+r  M  C,  that  is, 
(by  the  fame)  the  Arch  i  R  S  to  the  two  Arches  C  ^-+-i  RS,  or  R  S  to  2   . 
C  c  +R S,  as  the  little  Area  R  S  M  to  the  little  Area  Q[S M  N  ;  or  as  the 
Moment  of  the  Circular  Segment  QT N,  to  the  Moment  QS  Y  M  N  of 
the  Epicycloid  generated  at  the  fame  Time.    And  as  thefe  Moments  arc  al- 
ways in  the  fame  Ratio,  wherever  the  Point  Q^is  taken,    it  is  plain  that  the 
Areas  themfelves  QT  N,  QJS  Y  M  N,  generated  by  thefe  Moments,  have 
the  fame  conftant  Ratio,  or  that  of  the  Velocity  of  the  Circular  Motion 
R  S,  to  the  double  Velocity  of  the  Center  adding  the  Circular  Motion,  or  2 
,C^4-RS;  alfoas  the  AiwVBZtothc  ArcaC^VBN,  and  therefore  the 
.  Semicircle  V  L  B  to  the  Curvilinear  Space  V  C)Y  N  B.    So  that  the  Propo- 
fition  is  manifelL    Now  there  is  no  other  Difference  in  the  Manner  of  de- 
monftrating,  if  the  generating  Circle  moves  upon  an  Arch  of  a  concave 
Bafe,  except  that  the  Angle  ^  M  C  in  this  Cafe  is  the  Difference  of  the  An- 
gles MC  N  and  M  KN.    But  if  the  Bafe  be  a  Right  Line,  then  MKN 
vanifliing,  and  becaufe  of  the  Parallels  R  M,  QN,  the  Proof  becomes  ea- 
fier.     Now  in  all  thefe  Curves  there  are  quadrable  Portions,  anabgous  to 
thofe  Portions  in  the  primary  Cycloid,  which  the  learned  Dr.  Wallis  has 
found  to  be  capable  of  perfedt  Quadrature:  Which  eafily  follows  from  the 
Premifes. 

With  Center  K  through  the  Point  Q^draw  the  Qrcular  Arch  O  Z,  and 
draw  Z  B  cutting  off  a  Segment  Z  LB,  equal  to  the  Segment  QJT  N  ;  then 
bifed  the  Semicircle  V  B  in  L,  and  through  the  Point  L,  with  the  lame 
Center  K  defcribe  the  Arch  P  L,  cutting  the  Epicycloid  in  P,  the  generating 
Circle  in  T,  and  the  Chords  QJN,  Z  B,  in  jr  and  X,  Now  let  the  Arch 
V  Z  =  tf,  and  its  Sine  =  j,  the  generating  Radius  =  r,  and  the  Radius  of 
the  Bafe  =  R.  And  make  the  Arch  C  E,  or  the  Motion  of  the  Center,  = 
fn.  It  is  plain  that  the  Se6tor  CKE  has  the  fame  Ratio  to  theSpace  Xjr 
N  B,  as  the  Square  of  K  £  has  to  the  Difference  of  the  Squares  of  K  L  and 
KB;  orasRR4-2  Rr-+-rrt0  2  RrHh2rri  that  is,  asR+r  t0  2  r, 

or 
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«  K  E  to  B  V ;  and  therefore  the  Reftangle  B  E  xCE,  or  r «,  is  equjJ  to 
the  Space  Xy  N  B.  But  the  Space  V  Z  B  is  equal  to  the  Redkangle  iar-^ 
^srv  and  therefore  according  to  our  Propoiition  it  will  be,  as  ^  to  2 1»,  fo 

IS  ytfr+yjr  to  I  which  is  equal  to  the  Curvilinear  Space 
QV  Z  L  B N  Qj^  From  this  fubftraft  the  Space  Xjy  N  B  =r r »i,  and  there 
willrcniain  the  Space  QJV  Z  X;^  = •  And  fincc  the  Spaces  Z  X  L,  Q^T 

are  equal  to  each  other,  the  Space  QY  L  T  Q^will  alfo  be  equal  to * 

Therefore  whenever  a  to  m^  or  the  Circular  Motion  to  the  progreffive  Mo* 
tion  of  the  Center,  Ihall  be  in  a  given  Ratio ;  the  perfedl  Quadrature  of  the 
Curvilinear  Spaces  Q.VLTO  will  be  given  alfo.  Alfb  the  whole  Space 
V  PL,  to  the  Square  of  the  Radius  BE,  will  be  in  the  fame  Ratio  of  the 
Motions  m  to  a^  that  is,  in  every  primary  Epicycloid  in  the  Ratio  of  the 
Radii  K  E  to  K  B;  which  is  the  Propofition  of  Mr.  CafwelL  But  the  lefler 
Spaces  QV  L T  Q^will  be  to  one  another  as  the  Sines  of  the  Arches  V Z ; 
and  theTriangular  Spaces  QJT  P,  by  the  fame  way  of  arguing,  will  be  as 
the  vcrfed  Sines  of  the  Arches  QT  or  Z  L,  and  are  therefore  quadrable.  . 
In  like  manner  it  may  be  proved,  that  the  Spaces  PAT,  p L «,  p a T,  are 
always  to  the  Square  of  the  Radius  B  £  (in  all  thefe  Figures)  in  the  aforefaid 
Ratio oimtoa\  and  their  Portions  pqt  as  the  verfcd  Sines  of  the  inter- 
cepted Arches  j /.  But  the  remaining  Segments,  as  j/TA,  j/Ta,  6fr. 
will  be  as  the  Right  Sines  of  the  Complements  of  the  fame  Arches  q  t. 

Now  the  Ratio  of  the  Velocities  mto  a\^  compounded  of  the  Ratio  of  the 
Radii  KE,  BE,  and  the  Ratio  of  the  Angles  that  are  equably  defcribed  at 
the  fame  Time  CKE,  V  E  Z  5  and  therefore  that  Ratio  of  the  Angles  be- 
ing ^ven,  all  the  forefaid  Epicycloidal  Spaces  will  alfo  be  fquared. 

XI.  I.  A  Curve  is  required  with  this  Property y  that  the  two  Segments  (of  aATrMmpr^ 
Bight  line  drawn  from  a  given  Point  through  the  Curve y)  being  raifed^^^^-^^^' ^' 
to  any  given  Power ^  and  taken  together ^    may  every  where  make  /y&^n.a24../>.  387. 
fame  Sum.    We  leave  it  to  Analyfis  to  exhibit  a  general  Solution.-  ^^  ^°'  '^'7- 

2,  The  Problem  (if  I  rightly  underftand  it)  may  be  thus  propofed.     Asoiwdfy  ir.N, 
Curve  K IL  is  required  with  this  Condition,  that  it  a  Right  Line  P K L  be'*'^^;]J?* 
— ^^y  how  drawn  from  fome  given  Point  or  Pole  P,  meeting  the  fame  Curve 
two  Points  K  and  L ;  the  Powers  of  its  two  Segments  P  K  and  P  L, 
iwn  from  the  given  Point  P  to  thofc  Points  of  meeting,   if  they  are  raifed 
an  equal  Height,  (that  is,  either  Squares,  or  Cubes,  or  Biquadrates,  &c.) 
every  Pofition  of  that  Right  Line  they  may  make  the  fame  Sum,  P  K  j 
^Lq,  orPK^-»>  +PL-^f^i:. 

glutton.  Through  any  given  Point  A  let  an  infinite  Right  Line  be  drawn 

JB  given  in  PoCltion,  meeting  the  moveable  Right  Line  PKL  in  the 

int  D  •,  and  call  A  D, ;? ;  and  P  K  or  P  L,  j^  j  and  let  Q^and  R  be  Quan- 

es  any  how  compofed  of  any  given  Quantities  and  the  Quantity  x ;  arid 

t  the  Relation  between  x  and  j^  be  denoted  by  this  Equation,  jy  +  Qj  + 
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R  t=:  o.  And  if  R  be  a  given  Quantity,  the  Redbmglc  of  the  Segment* 
P  K  and  P  Lr  will  be  given.  If  Q^be  a  given  Quantity,  the  Sum  of  thofc 
Segments  (conjoined  by  their  proper  Signs)  will  be  given.  If  QQ  —  2  R 
is  given,  the  Sum  of  the  Squares  (P  K y  +P L y)  will  be  given.  iT  Q^ — 
3  QR  is  a  given  Quantity,  the  Sum  of  the  Cubes  (PK^°*»  +  P  L"^)  will 
alfo  be  given.  IfQ^  —  4Q*R-4-2R»bea  given  Quantity,  then  the  Sum; 
of  the  Biquadrates  (P K  j  j  +  F  Lqq)  will  alfo  be  given.  And  fo  on  ad 
infinhum.  Therefore  let  it  be  provided,  that  R,  Q,  Q^ —  2  R,  Qj  Q* —  2  Ry 
<K — 3  QR,&?^»  may  be  given  Quantities,  and  the  Problem  will  be  refolved. 

In  the  fame  manner  Curves  may  be  found,  which  Ihall  cut  off  three  or  more 
Segments  having  the  like  Properties.  Let  there  be  an  Equation  y^  -|-  Q^*  "h 
Rj^-)-S  =  o;  where  Q,  R,  S,  denote  Quantities  compofed  of  any  given 
Quantities  whatever,  and  of  the  Quantity  x  any  how  involved  \  in  which 
Cafe  the  Curve  will  cut  off  three  Segments.  Now  if  S  be  a  given  Quantity^ 
the  Solid  contained  by  thofe  three  will  be  given.  If  QJbe  a  given  Quantity, 
the  Sum  of  three  fuch  will  be  given.  If  QjQ—  2R  be  a  given  Quantity, 
the  Sum  of  the  Squares  of  three  fuch  will  be  given. 

rbeUfeofvh-  XII.  Here  you  have  a  Method  for  the  Quadratures  of  Curvilinear  Fi- 
%iQo»  in  tb€  So-  gures  ;  for  the  Dimenfion  of  Solids  generated  by  the  Rotation  of  a  Plain,. 
tMFfM^!l  and  of  their  Superficies  ;  for  the  Reftification  of  Curves  ;  and  for  the  Calcu- 
h  M^'  Abr.  de  lation  of  their  Centers  of  Gravity.  But  before  I  go  any  farther,  I  would  have 
^  omen.  21  .y^^  underftand,  that  I  make  ufe  of  what  the  gresit  Newton  has  demonftrated, 
Mar.Aa.x695.  in  Pag.  251,  252,  and  253  of  his  Philofophical  Principles,  about  the  mo- 
mentary Increments  or  Decrements  of  Quantities,  which  either  increafe  or 
decreafe  by  perpetual  Flux  5  and  elpecially  that  the  Moment  of  any  Power. 

A.M.       •     77  ft   ...-«  I. 
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Therefore  the  Fluxion  —  ^  A*   '  being  given,  on  the  contrary  we  may 

n 

find  the  flowing  Quantity  A^>  firft  by  removing  a  from  the  Fluxion.  Se- 
condly by  increafing  the  Index  of  the  Fluxion  by  Unity.  And  thirdly,  by  di- 
viding the  Fluxion  by  the  Index  io  incrcafed  by  Unity. 

The  Abfcifs  of  the  Curve  in  what  follows  (hall  be  denoted  by  x^  its  Flux- 
ion by  i^ ;  the  Ordinate  hy  yy  and  its  Fluxion  byi. 

This  fuppofed,  to  proceed  now  to  Quadratures,  firft  let  the  Value  of  the 
Otdinate  be  obtained,  by  means  of  the  Equation  exprefling  the  Nature  of 
the  Curve.  Secondly,  let  this  Value  be  multiplied  by  the  Fluxion  of  the 
Abfcifs,  and  the  Reftangle  hence  arifing  will  be  the  Fluxion  of  the  Area. 
,  Laftly,  from  this  Fluxion  of  the  Area  let  its  Fluent  be  found,  and  we  fhall 
have  the  Area  required.. 

Let 
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Let  the  Equation  x^  i=j^''  be  propofed^  cxpreflSng  the  Nature  of  any  Pa- 

IB 

laboloid,  in  which  the  Value  of  the  Ordinate  will  bc_y  =  x  nj  which  if  mul- 
riplicd  by  ^,  the  Re<5langle  x1>^  will  be  the  Fluxion  of  the  Area.  There- 
fcic  the  Area  required  will  be  — r— .  x  ■+*^  or  putting^  for  ;tf  n,    it  will  be 

WTft 

Again,  let  a  Curve  be  propofed  whofe  Equation  is  at*  +  a*  x*  =r?y»  (which 
is  the  firft  among  Mr.  Craigh  Examples)  then  zSMmm^x»J xx  +  aaz=zy9 
At  Fluxion  of  the  Area  will  htXxs/xx  +  aa.  Now  as  it  is  involved  in  a 
Radical  Sign,  let  us  fuppofe  ^xx'+'aazrzzi  whence  xx  +  aaz=:z\  and 
therefore  ;f*  =  z.*',  and  putting  zi  and  %.  for  xx  and  ^/,xx-haa^  the 
Fluxion  freed  from  Surds  will,  be  %*  i.  This  if  we  bring  back  to  its  Origi- 
nalfz',  and  reftore  ^/xx-^-aa  forz,  weihall  have-j-Xxx-j-^  ^  f/xx  +  aa 
for  the  Area  required. 

But  that  it  may  farther  appear  with  what  Eafc  thefe  Quadratures  may  be 
obteined,  I  will  ftill  add  one  Example  more.    Let  the  Equation  of  the  Curve 


9C  XX 

.^  J. therefore j= -7==: >  and  then -7==- will  be  the  Fluxion  of 

theArca.  Let  us  fuppofe  \/x+ ^  =%,  whence  x  =  z  z  —  ^,  and  ;r  =  2zi. 

Therefore  -r=.  =  2  z*  i — 2  «  i,  and  therefore  |  z'  —  2  ^  z,  or  -fx— 4.  a 
*Jx+a 

Vx+a  will  be  the  Area  required; 

But  it  often  happens  that  fome  Curves,  fuch  as  the  Cirde,  Ellipfis,  or 
Hyperbola,  arc  of  fuch  a  Nature,  that  it  would  be  in  vain  to  endeavour  to 
free  their  Fluxions  from  Surds ;  and  then  the  Value  of  the  Ordinate  muft  be 
reduced  to  an  infinite  Series;  then  every  Term  of  this  Series  being  multi- 
plied by  the  Fluxion  of  the  Abfcifi,  as  above,  the  Fluent  of  every  Term 
mail  be  feparately  found,. and  the  new  Series  thus  arifing  will  exhibit  the 
r   virature  of  the  Curve  propofed. 

^ith  the  fame  Eafe  this  Method  may  be  accommodated  to  the  Dimen- 
1  of  Solids  form*d  by  the  Rotation  of  a  Plain,  by  affuming  for  their 
1     'Wn  the  Produft  of  the  Circular  Bafe  into  the  Fluxion  of  the  Abfcifs. 

1     the  Ratio  of  the  Square  to  the  infcribed  Circle  be  called  — >   the  Equa- 

__,.,.  ,  ,    ,         /<  dxx  —  X  X' 

t     *^longing  to  the  Circle  isyyzsdx'^xx^said  therefore  4  x j; 

is.. 
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is.thc  Fluxion  of  a  Portion  of  the  Sphere,  and  confcquently  4X-^' 7'^~ 

is  the  Portion  itfelf.     The  CyUnder  circumfcribed  about  this  is  4  x > 

and  therefore  the  Ratio  of  the  Portibn  of  the  Sphere  to  tht  circumfcribed  Cy- 
linder is  as  5  ii  —  x  *  to  i— AT. 

The  Redification  of  Curves  will  be  obtained,  if  the  Hypothenufe  of  the 
Right-angled  Triangle,  whofe  Sides  are  the  Fluxions  of  the  Abfcifs  and  Or- 
dinate, is  confidered  as  the  Fluxion  of  the  Curve.  But  Care  muft  be  taken 
in  the  Expreffion  of  that  Hypothenufe,  that  one  of  the  Fluxions  only  may 
remain,  and  only  one  of  the  Indeterminate  Quantities,  which  muft  be  that 
whofc  Fluxion  is  retained.    This  will  be  plain  from  the  Examples. 

Fig.  31.  From  the  given  Right  Sine  C  B,  to  find  the  Arch  A  C,  making  A  B  =  ;r, 

C  B  =;^,  O  A  =  r ;  let  C  E  be  the  Fluxion  of  the  Abfcife,  E  D  the  Fluxion 
of  the  Ordinate,  and  C  D  the  Fluxion  of  the  Arch  C  A.  The  Property  of 
the  Circle  is  zrx^^xxzzzyyj  whence  2  r x  —  2  j? i  =  2 ^j?,  and  therefore 


M«    ^* 


* — r^x      ""'•'^*^i      •^■^  •^''     ft — 2rx+xx        '^      rr^^yy 

^  ^^^  •    Therefore  C  D  =r  ,    ^^       ■  But   .    ^^        is  the  Produft 


rr — yy  ^lrr^^yy  ^rr — yy 

of --==L====  into  ryy  or  of  rr — yyp^  into  rj  \.  fo  that  if  rr — yyS'i^  be 

wrr — yy 
reduced  to  an  infinite  Series,  and  all  its  Terms  multiplied  by  ry ;  and  if  we 
find  the  Fluent  of  every  Term,  we  Ihall  have  the  Length  of  the  Arch  A  C. 

In  a  like  manner  the  Arch  may  be  found  from  the  vcrfed  Sine  being  gi-  • 

ven.    Let  us  refume  the  Equation  found  above  2  r  ^— . 2  ;^  ^  =  2^jf,  which 

Vx^-^i^x      _.     -^-.         ..t..         .1  Tr'xx*'^2rxxx'^  xxxx 
becomesj'^: •     But  CD  js*  y+j'jr  =  ;v;p4 — 

_  •  •  +  rr^^-2ry;.;"f^^  ^^  mlucing  all  to  the  lame  Denominator, 
"^    *  %rx — XX 

and  expungiDg  thofe  which  dcftroy  one  another,  'tis  CDg=r      >  or 

C  D  =   .  Therefore  the  Length  of  the  Arch  A  C  will  cafily  be 

s%rX'^^x 

obtained,  by  what  has  been  above  delivered. 

Sometimes  the  Fluxion  of  the  Curve  is  found  more  eafily  by  a  Comparifon 
between  the  fimilar  Triangles  CED  and  C BO.     For  we  fliall  have  this 

Proportion,  C  B  •  C  O : :  C  E .  C  D.  That  is,  for  the  Circle,  slirx^^x  .r::x 

r  X 

Var^ — XX 
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The  Curve-line  of  the  Cycloid  may  be  known  in  the  fame  manner.     Let    ^i-  35. 

ALKbe  a  Semicyloid,  whofe  generating  Circle  isADL.    Any  Point  B 

being  aflumed  in  the  Diameter  A  L,   let  B I  be  drawn  parallel  to  the  Bafe 

LK,  meeting  the  Periphery  of  the  Circle  in  the  Point  D.     Let  the  Reftan- 

gie  A  £  I B  be  compleated,    and  draw  F  H  parallel  to  £  I,  and  infinitely 

near  it»  cutting  B  I  produced  in  G,  and  the  Curve  A  K  in  H.     Make 

A  L  =  i/,  A  B  =  E I  =;  *•,  G  H  =  i.    It  is  known  that  the  Right  Line 

BG  is  every  where  the  Aggregate  of  the  Arch  A  D»  and  of  the  Right  Sine 

B  D  ;  hence  it  is  manifeft  that  the  Fluxion  I G  is  the  Aggregate  of  the  Flu- 

zioQS  of  the  Arch  A  D,  and  of  the  Right  Sine  B  D.     Now  the  Fluxion  of 

idx 
the  Arch  A  D  is  found  to  be  =   ,  >  and  the  Fluxion  of  the  Right 

Sine BD  is  =  J^V^^  And  therefore  IG  =-4^^^'  and IHj 

%Ndx  —  XX  N  dX — XX 

r=IGg+GH2=:-^^^-—     Therefore  I H  =:-^;^^^^=  = 
t^:=i£^x^^x\  and  therefore  Aliis 2 i^x^  =  «  V^x  =  2  AD. 


I 


This  Conclofion  nfwy  be  deduced  with  very  little  Trouble  from  the  known 
Property  of  the  Tangent.  For  fince  its  Particle  I H  is  always  parallel  to  the 
Chord  A  D,  it  caufes  the  Trangles  I G  H  and  A  B  D  to  befimilar.  Whence 

AB.AD::GH.IH.    That  is,  x .^ dxiix.m^dJlsJ'^ x^^^ 

X 


X* 


Now  by  the  Afliftance  of  the  Fluxion  I H  we  may  find  the  Area  of  the 

Cyctoid.    The  Fluxion  of  the  Area  A  E I  is  the  Reftangle  E I  G~=^ 
^ wdx — XX 

-szx^ dx^^xx.  But  the  Fluxion  of  the  Portion  A B D does  not  differ 
from  this  i  therefore  the  Area  A  E I  and  the  correlpondent  Portkm  of  the 
Circle  A  B  D  are  always  equal. 

Let  A  6  be  the  Curve  of  a  Parabola,  whofe  Axis  is  A  F,  Parameter  a.     n^.  ^ 
^^-keAE  =  ;f,  EB=;^,AB  =  z,  BD=i,DCr=:i,  BC  =  *i  andaf. 

ning  an  Equation  expreffing  the  Nature  of  the  Parabola,  fuppofe  ax:=zyy^ 

-ill  be  tf  X  =  2  jr J?,  whence  i=:  -^»     But  B  C  j  =  B  D  j  +  C  D  j, 

«-  x,x.=zxx+yJf^'^ +jri=— ^ —  >  and  there- 

in aa 


-sjr     ■  ^^ >  or  which  is  all  one  »  asj^    ■■    ,  /     •    If  thcrefoic 

this 


iP« 
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this  Quantity  is  reduced  to  an  infinite  Series,  the  Curve  A  B  may  thence  be 
known. 

Fig.  35.  Now  it  eafily  appears,  that  if  the  Hyperbolical  Space  were  given,  this 

would  be  given  alfo,  and  vice  verfd.  For  ^ax  =  i ^yy+k^^^  ^"^  there- 
fore Laz  will  be  equal  to  the  Space  whofe  Fluxion  is >  ^yy+i^  a  a.  But 
this  Space  is  nothing  elfe  but  the  exterior  equilateral  Hyperbola,  whole  Se- 
miaxis  A  B  =  i.  tf,  the  Abfciffa  A  E  =  ;^,  and  the  Ordinate  E  G  =  ;^. 

For  the  Menfuration  of  the  Superficies  produced  by  the  Converfion  of  a 
Curve  about  its  Axis,  there  muft  be  afllimed  for  its  Fluxion  a  Cylindrical 
Superficies,  whofe  Altitude  is  the  Fluxion  of  the  Curve  itfclf,  and  whofe 
.Diftance  from  the  Axis  is  the  Ordinate  belonging  to  this  Fluxion. 

f^.3».         For  Example,  let  A  C  be  the  Arch  of  a  Circle,  which  by  revolving  about 
the  Aatis  AB  may  generate  a  Spherical  Superficies,  which  we  undertake  to 

medure.    The  Fluxion  of  the  Arch  D  C  is  already  found  to  be  . * 

....  V2r^— .xjc 

If  we  multiply  this  by  the  Circumference  belonging  to  the  Radius,  B  C,  that 
c 

is  by  ;rVTr5tf— xlf,  (fuppofmg  the  Ratio  of  the  Circumference  to  the  Ra- 

dius  to  be  =:  — )  we  fhall  have  the  Fluxion  of  the  Spherical  Surface  =r  i, 
and  therefore  the  Surface  itfclf  is  r^. 

As  to  what  belongs  to  Centers  of  Gravity,  having  found  the  Fluxion  of 
the  Superficies  or  Solid,  and  multiplying  this  into  its  Diftance  from  the  Ver- 
tex, we  muft  then  return  back  to  the  Fluent.  This  divided  by  the  Superfi- 
cies or  Solid  itfelf,  will  give  the  Diftanae  of  the  Center  of  Gravity  from  the 
Vertex. 

Let  the  Center  of  Gravity  of  all  the  Paraboloids  be  to  be  found.    Their 

r  IB 

Fluxion  is  thus  expreffed  in  a  general  Manner  x^x,  which  multiplied  by  x  be^ 
comes  ;^r+'  i,  whofe  flowing  Quantity  — -- — x  "H-*  being  divided  by  the 

Paraboloids  Area  — —  x  T+  will  give  — ; x  for  the  Diftance  of  the 

m+n  m  +  2n 

Center  of  Gravity  from  the  Vertex. 

The  Center  of  Gravity  in  a  Portion  of  a  Sphere  is  found  much  in  the 
lame  Manner. .  For  its  Fluxion  4  — - — T""""  ^^^B  drawn  into  x  becomes  4. 

%  of  which  the  Fluent  is  4 — ^ — >  which  divided  by  the 

Soliditf 


(  4«  ) 

Solidity  of  the  Portion,  that  is,  by  4  ^^ ^— >  produces  ~-2-  x.    or 

•ri — —  *»  for  the  Diflanccof  the  Center  of  Gravity  fronn  the  Vertex. 

XIII.  I.  Prop.  I.  Prob.]  Tc  find  the  Relation  between  the  Fluxion  of  tbeiucsuM-y  sy 

Axis^  and  the  Fluxion  of  the  Ordinate^  in  the  Curve  called  Cat enaria.      Dr.Div.Giega- 

17.N.  23].^. 

637«  Aug.  Aiu 

Let  F  A  D  be  a  Chain  hanging  by  its  Ends  F  and  D,  whofc  lowed  Point,  ^^9y 
or  Vertex  of  the  Curve,  is  A,  its  Axis  A  B  perpendicular  to  the  Horizon,      '^'  ^^' 
and  its  Ordinate  B  D  parallel  to  the  fame.     We  are  to  find  the  Relation  be- 
tween B^,  or  D*,  and  dSi  fuppofing  the  Point  A  to  be  infinitely  near  B,^ 
and  ^  i  to  be  parallel  to  B  D,  as  alfo  D  i  parallel  to  B  A. 

It  appears  from  Mechanicks,  that  three  Powers  conftituted  in  ^quilibrio 
laave  the  fame  Ratio  as  three  Right  Lines  that  are  parallel  to  their  Diredlions, 
or  which  are  inclined  to  them  in  a  given  Angle,  being  terminated  by  their 
mutual  Concourfe.  So  that  if  D  i  denotes  the  abiblute  Gravity  of  the  Parti- 
cle D  d^  (as  would  neceflarily  be  in  a  Chain  every  where  equally  thick)  then* 
di  will  reprefent  that  Part  of  tlie  Gravinr  that  ads  perpendicularly  upon  D^, 
by  which  ic  is  brought  about,  (becaufe  or  the  Flexibility  of  the  Chain  moving 
about  d)  that  dD  endeavours  to  reduce  itfelf  to  a  vertical  Situation.  There- 
fore if  id^  or  the  Fluxion  of  the  Ordinate  BD,  be  fuppofed  conftanr,  tht. 
A&ion  of  Gravity  exerted  perpendicularly  upon  the  correfpondent  Parts  of 
the  Chain  ^D,  will  alfo  be  conftant,  or  every  where  the  fame/  Let  this  be 
expounded  by  the  Right  Line  a.  A  sain,  by  the  Mechanicks  before  cited, 
D  ^,  the  Fluxion  of  the  Axis  A  B,  wilTdenotc  the  Force,  which  is  exerted  ac- 
cording to  the  Dircdion  of  d  D,  which  is  equivalent  to  the  aforefaid  Endea- 
vour of  the  heavy  Line  ^  D  to  reduce  itfelf  into  a  Vertical  Situation,  and 
which  prevents  its  doing  fo.  Now  this  Force  arifes  from  the  heavy  Line 
D  A  drawing  according  to  the  Dircftion  d  D,  and  therefore  (ceteris  paribus) 
is  proportional  to  the  Line  D  A.  Therefore  i  dj  the  Fluxion  of  the  Ordi- 
nate, is  to  <f  D,  the  Fluxion  of  the  Abfcifs,  as  the  conftant  Right  Line  a  is 
to  the  Curve  D  A.    ^E.F. 

COROL.']  If  the  Right  Line  TD  touches  the  Catenaria,  and  meets  the 
Axis  B  A  produced  inT,  it  will  be  BD  :BT  ::  {di  :iD  :.)  a.  Curve  DA. 

Prop.  n.  Theor]  If  to  the  Perpendicular  A  B  as  an  Axis,  with  Vertex  A^ 
an  Equilateral  Hyperbola  A  H  be  defcribed^  wbofe  Semiaxis  A  C  is  ^equal  to  a  -, 
and  to  the  fame  Axis  and  Vertex^  a  Parabola  AP  be  drawn^  wbofe  Parameter 
is  equal  to  four  Times  tbe  Axis  of  tbe  Hyperbola  \  and  if  the  Ordinate  H  B  of 
tbe  Hyperbola  be  continually  producedy  till  HF is  equal  to  tbe  Curve  AP%  I 
fay  the  Curve  FAD,  in  wbicb  tbe  Points  F  and  D  are  founds  (fftppofing  BD 
=  BF)  will  be  the  Catenaria. 


Vol.  L  G  Make 
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Make  ABsar,  then  Bias'x,  and  BHa=V2«f+x*.  Whence  by  the  Me- 
thod ofvFluxions,  the  Fluxion  of  BHrs  if*  *  =»-&•  Again,  becaufe 
the  Parameter  of  the  Parabola  A  P  is  =  8  «,  'tis  B  P  =  ^^§a^    Whcneew/ 

the  Fluxion  of  BPwUI  be -7«=r*  So  that  the  Fluxion  of  tbcCaryeAPt= 

V2tf;if      

P^  =  V»^X»i>+P»xP«=^fj^+**=5^ ; >  which  by 

multiplying  both  Numerator  and  Denonwiiator  into  *^  la  +  x  bccoitoc^ 
';         , — *    And  fince  H  E  i$  every  vhere  equal  to  A  P,  the  Flujcipa  of 

the  Right  Line  H  F,  that  is  mb  +  sfy  will  be  equal  to    ,».  ""    jj  ^   ^**^ 

a x'^ X  gg  Cm 

k  already  found  that  m  i  z:z    ■.  '  g*     Whence  j/=  -y        j-  -^ 

v'hich  is  the.  Fluxion  of  B  F  the  Ordinate  to  the  Axis  of  the  Catenarian 
Therefore  the  Fluxion  of  the  Cunre  AF,   or   F/=  V  j/"  +yj*=s. 

iax-^xx  "^^  ^^"^ Vrfl+fe'  ^^  ^"*  *^  '^^"^"^  "^  v^TJH^,  « 
JHflin.9wfoiind>  Theiefore  AFsx^za  x^-^x.  And  It  appcart  Aat  the 
Fluxion  of  the  Ordinate  BF,  or    . *i y   13  to  «  the  Ftoio»  «f  tlw 

Abfci6  A  B,  :^  the  given  Line  0  to  the  Curve  AF  v  which  i»  the  Property 
of  the  Catenaria  found  above.  Therefore  the  Points  of  the  Cateoviii  are 
rightly  determined  by  the  foregoing  Conftruftion.    ^  Z.  D, 

COROL.  I.)  From  the  CdnftruSion  it  appears,  that  BF,  the  Oftltnate  o£ 
the  Catenaria,  is  equal  to  the  Parabolical  Curve  AP,  toking  away  B  H  the 
conefpondcnt  Ordinate  of  the  conterminate  Hyperbola  A  H. 

2.  From  the  Demonftration  it  appears,  that  the  Curve  c^  the  Catenaria.. 
A  F  is  equal  to  BH  the  correfpondent  Oidinate  of  the  con^rminate  oquiIa»> 
teral  Hyperbola.  For  fince  the  Fluxions  of  thefe  Lines  are  cquali  and  the 
Lines  themfelves  are  nafcent  at  the  fame  Time,  it  is  plain  they  miift  be  al- 
ways equal.  Whence  the  Chain  being  given,  A  C  or  «  will  be  given  alfo^ 
as  being  equal  to  the  Semiaxis  of  the  Equilateral  Hyperbola  whofc  Vertex  i» 
A,  and  Ordinate  equal  to  the  Abfcife  A  B  of  the  Chain  A  D. 

3.  All  Catenaria  are  fimilar  to  one  another,  fince  they  are  generated  hj  31 
Bke  Conftruaion  of  like  Fijgufes  fimilarly  pofited.  Whence  two  Right  Linca. 
alike  inclined  to  the  Horizon,  drawn  through  the  Vertices  of  the  Chains,. 

will 
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nifl  cat  §SCifKSHd  Figmft,  mi  Fbctiom  of  che  Ch^fks  whi^li  m  t^ropOrtio- 
iaI  to  €h€  ]Ug(hrLMKs  ib  cultmg  thdm  off^ 

4.  If  tkeChatn  QA  D  k  fuficndod  u  the^  Pdims^  Qafid  D,  whkft  are  'A 
unequal  Heights,  the  Part  of  the  Cunre  F  AD  continues  the  fime  as  if  it 
had  been  fufpended  at  the  Points  F  and  D,  which  are  equally  high  j  bccaufe 
tt  k  aU  OK  wfae^ier  die  Pomt  F  bi6  fire  to  tlie  Horhceiital  Plairt 

$.11  tke  Fores  of  the  Cfaaiti,  drawittg  accordirtg  to  the  liireftion  rfD^  be 
denoted  «9  Di;  let  k  be  dii^icted  (ti  is  conmioivly  knowi>)  into  the  Force 
i  S^  according;  to  *  Horizomal  Direftion,  and  a  Force  J  D,  according  to  a 
Vertical  Diredion.  Therefore  in  the  Extremity  of  tfce  Chain,*  the  Force  of 
approaching  diredly  to  the  Axis^  is  to  the  Force  of  perpendicular  Defcent  in 
the  iame^  or  the  Part  of  the  fuftahling  Force  afting  according  to  t^ic  Dire- 
^on  BDy  is  to  a  Part  of  the  feme  aAing^  according  to  fhe  tTiredion  0  j,  as 
the  Semiaxis  of  the  oontcrminate  ttyperbola  AH,  is  to  D  A  the  Length  of 
the  Chain  te  the  Vertex  of  the  C«ir*e*  Whence  when  the  Chain  is  given, 
this  Ratio  is  given.  And  in  the  fame  Chain  fufpended  more  or  k&  looiely, 
that  Horizoatai  Foxqf  is  as  the  Axifr  of  the  con^ermioate  HyperboUf  fnice 
DA  remains  the  fame,  when  the  Extremes  of  the  Chain  are  equally  high. 

6.  In  a  Vertical  Plain,  but  in  an  inverted  Situation,  the  Chain  will  pre- 
fervc  its  Figure  without  falfmg,  ^nd  therefore  will  conftitote  a  very  thin 
Arch  or  Fornix :  That  i&i  infinitely  finally  rigid,  and  polifh'd  Spheires,  di|^ 
pofed  in  an  inverted  Curve  of  a  Cltenaria,  will  form  an  Arch^  no  Part  <if 
which  will  be  thruft  outwards  or  inwards  by  other  Parts,  but  the  loweft  Parts 
laemainisg  finn,  it  will  fupport  itfeif  by  means  of  its  Figure.  Fdr  ilbce  the 
Situatioa  of  the  Points  of  the  Cateoaria  is  the  iame,  and  the  Inclination  oi^ 
the  Parts  to  the  Hprizon,  whether  in  the  Situation  FA  D)  or  in  an  inverted 
Situations  fo  that  the  Curve  may  be  in  a  Plain  which  is  perpendicular  to  the 
Horizon  ^  it  is  plain  that  it  muft  keep  its  Figure  unchanged  as  wtU  in  one 
Situation  as  the  other.  And  on  the  contrary,  none  but  the  Catdharia  is  the 
Figure  of  a  true  and  legjitimate  Arch  or  Fornix.  And  when  Arches  of  other 
Figures  art  fiipported,  it  is  beotufe  jh  their  Thickneis  fbme  CatSnaria  is  ia- 
d^fed.  Neifher  wo\jM  it  be  fuftaincd,  if  it  were  very  thin,  and  cdmpofeft 
of  ffSppery  ftins.  from  CorirL  5.  befdre,  it  may  te  Cblleftdd,  by  what  Force 
an  Arch  or  Buttrefs  prefles  a  Wall  outwardly  to  which  it  is  applied.  For 
this  is  the  fannie  with  that  Part  of  the  Force  fuftaining  the  Chain,  which 
drawar  according  tb  a  Horizontal  Dirfd:ion.  ^  Fpr  the  Force  which  in  the 
ChMB  draws  inwardSi  in  an  Arch  equal  to  the  Chain  drives  outwards.  All 
other  Circumftances,  concerning  the  Strength  of  Walls  to  which  Arches  are 
sppfiei,  iMf  be^sotMirlcany  dt^^MHined  fi^m  ^Theory,  which  are  the 
xjiief  Things  in  the  Conftruflion  of  Edifices. 

7.  Inftead  of  Gravkf,  if  amy  other  Power  everts  its  Force,  afting  in  like 
0pMtt  fleftiWe  line,  4m  f$mt  Curvewitt'be  pro(&«^.    For  VM^ 

G  2  ample. 
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atnplc^  if  the  Wind  be  fuppofed  equable,   and  fluMild  bkMT  accoiding  to 
Right  Lines  parallel  to  a  given  Line ;  the  Line  thus  inflated  by  the  Wind  >■ 
would  be  the  fame  as  the  Catenaria.    For  fince  all  Things  obtain  in  this 
other  Force,  as  we  have  fuppofed  in  Gi^vitjr,   it  is  evident  the  &me  Line 
muft  be  produced, 

jp^^.jy.  Prop.  3.^Tbeor.]  The  Hyperkola  aforefaid  AM  rtpudtw^  ifthrwgh  4.^ 

Right  Line  GAL  be  drawn  perpendicular  to  the  Axis  AB^  and  a  Curve  KR 
be  defcribed  of  fucb  a  Nature^  that  B  K  may  be  a  third  Proportional  to  the 
Right  Lines  B  A  and  AC^  and  to  AC  be  apptied  a  ReSar^le  AVemai  to  the 
interminate  Space  ABKRLA\  the  Concourfe  F  of  th/t  Riibt  lines  HB^ 
VG^  iiill  be  at  a  Catenaria. 

aa 

For  by  ConfiruAion  *tis  B  K  =       '  ,    =r=:>     Therefore  the  Fluxion  of 

^2ax+xx 

theSpace  ABKRLAis  BKi^  =  BKxB^=-7=^^ '  AndfineeBF 

'^2ax+xx. 
ABKRLA        ^  ^  ^.  ax 

,    = Tr *  and  A  C  is  gnrcn ;  its  Fluxion  will  beBF=-7= =r* 

/^^  ^  ^zax+xx 

But  in  the  Conftrudtion  of  the  foregoing  Propofition,  the  Fluxion  of  the  Or- 

a  X 
dinate  BF  =  y        7=^'     Wherefore  this  Conftruftion  comes  to  the  fame 
^2ax+xx 

as  the  Conftrudion  of  the  foregoing  Propofition,  and  confcfqucntly  the  Point 
F  is  at  a  Catenaria.     ^  £.  D. 

COROL.}  As  in  the  foregoing  Propofition  the  Catenaria  is  defcribed  from 
the'  given  Length  of  the  Parabolical  Curve  5  fo  in  this  its  Deicription  depends 
on  the  Quadrature  of  the  Space,  in  which  x  xyy  =  a ♦  — 1 2  ^  xyy.    For  B  K 

a  a  *      -  - 

ixy  —  -js===£' 
nj^2ax+xx 

n*  16. i  Prop.  4.  Thcor.]  The  Space  AGF contained  by  the  Catenaria  AF^  and  the 

Right  Lines  FG^  AG^  parallel  to  A  By  BF^  is  eoualto  the  ReSangle  under 
the  Semiaxis  A  C,  and  D  H  the  Diftance  of  the  Orainates  in  the  Hyperbola  and 
.  Catenaria.^ 

*  -t     " 
For  D  H  =  BH— B  D  =  (by  Ptt>p.  2.  of  this) -^^^=4^— -7=== 

X  X       •  ... 

S5  ■ ,       '  — ■•    Wherefore  the  Fluxion  of  the  Rcfiangle  under  the  given 
^2ax  +  xx  . 

Line  AC  and  HD  is  -7==^:^4===  =  x x  -j=~=='=ifs  x  F  G  =  the 
^2axrrxx  ^2ax+xx' 

Fluxion  of  the  Space  AGF.    And  line;  thofe  Figures  arc  naicent  together, 

it 


u 
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it  follows  that  the  Redangle  under  A  C  and  D  H  is  equal  to  the  Space  AGF* 
^E.D.  ■  '^ 

COROLL.]  Hence  it  follows  that  the  SjwceF  AD,  cbmprehended  by 
the  Chain  FAD  and  the  Horizontal  Right  Line  F  D,  is  equal-  to  the  Redk- 
angle  under  FD  and  BA,  Ibbftrafting  the  Redfengle  under  either  Axis  of 
the  Hyperbola  A  H,  and  t)  H  t?he  Excels  of  the  Right  Line  B  H,  or  of  the 
Curve  A  D,  above  the  Ordinate  B  D. 

Prop.  5.  Thcor.}   If  the  ReSidngk  L  J?,   equnl  to  the  Hyptrialic  Spaa    -. 
JLH,  be  applied  to  the  Right  Line  AL,  the  Point  E  wtt:i?e  the  Center  of    '^'  ^ ' 
Eqtnlihriumof  the  Catenarian  Curve  AFD. 

\jtt  a  heavy  Curve  F  A  be  conceived  to  be  poifcd  upon  the  Axis  G  L; 
From  the  Dodlrine  of  the  Center  of  Gravity  it  follows,  .that  the  Moment  of 
the  Weight  F  A  is  cxpoundca^fcTy  the  Surface  of  an  upright  Cylinder  erefted 
upon  F  A,  and  cut  off  by  a  Plain  pafling  through  G  L,  making  half  a  Right 
Angle  with  the  PJam  of  the  Curve.  And  the  Fluxion  of  this  Surface,  or 
FAxFG,  is  equal  to  the  Fluiion  of  the  Space  ALH,  or  BHxHL^ 
becaule  F  A  and  B  H,  as  alfo  F  G  and  H  L,  are  equal.  And  therefore,  fince 
they  are  nafcent  at  the  fame  Time,  the  faid  Superficies  of  the  ereft  CyFinder 
is  ^ual  to  the  Hyperbolical  Space  A  L  H^  Therefore  this  applied  to  the 
heavy  Line  itfelf  A  F,  or  to  the  Right  Line  A  L  which  is  emial  to  it,  it 
produces  a  Breadth  A  E  equal  to  the  Diftance  of.  the  Center  of  Gravity  from 
the  Axis  of  Libration  G  L.  Hence  E  will  be  the  Center  of  Equilibrium  of 
the  Curve  FAD,  lying  equally  on  each  Side  of  the  Axis  A  B.    ^E.D. 

COROL.  i:]  The  Spaces  A  BH  L,  B  A  H,  and  A  GF,  are  In  Arithme- 

tical  Proportion.    For  the  Fluxion  of  the  Space  ALH=  .       .    "X  ^  = 
^^^^^ Va^+xx 

ax+xxxx      2ax+xX'^axx'x       ,    . ax'x  „ 

J        -       = ;     ■    ^      —  =  X  V2tfx  +  *x—    j^    ^         Plu> 

^lax+xx  ^2ax+xx  wiax  +  xx 

xion  of  the  Space  BAH,  Icffened  by  the  Fluxion  of  the  Space  A  G  F,  by 

Pr^.  4.  of  this.     And  as  thefe  three  Figures  are  nafcent  at  the  lame  Time» 

jtwillbeBAH— AGF  =  (ALH=)BL  — BAH.  So  that  2  BAH 

ssBL  +  AGF.;  Whence.it  follow  that  the  Spaces  RL,  BAH^  and 

A  G  Fy  are  in  Arithmetical  Proportion. 

2.  The  Center  of  Gravity  of  the  Catenaria  defcends  lower,  than  that  of 
any  other  Line'of  the  fame  Length,  and  having  the  fame  Extremities.  For 
every  heavy  Body  defcends  as  low  as  it  may.  And  fince  a  Figure  defcends 
jnft  fo  much  as  its  Center  of  Gravity  defcends,  a  heavy  flexible  Line  will  fo- 
difpofe  itfelf,  as  that  its  Center  of  Gravity  will  be  lower  than  if  it  afTumes  an/ 
other  Figure.  And  from  this  Property  of  a  heavy  flexible  Une,  all  iis  othec 
Properties  might  be  cafily  deduced. 

^  3^^ 
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7,  If  uptm  any  Curves  having  the  fame  Length,  and  the  fame  Limits  D 
and  F  as  the  Catenaria  FAD,  upright  Cylinders  were  cut  by  a  Plain  pafling 
tbrqqgb  l^Ei.  of  t^  Cj^'wj^wbI ^pesf^m, ^  v^oS^  |te  ^mtcft  if  tbac 
whien  infifts  upon  the  Catenaria.  For  theib  Superficies,  if  the  Angle  mads 
by  the  Plains  is  half  a  Right  Angle,  ajppUedcp  the  Curvtes^hemfelvefi,  whicli 
in  the  prefent  Cafe  are  of  the  &me  Lengthy  produce  Breadths  equal  to  the 
Diftances  of  the  Centers  of  Gravity  of  the  Corves  from  the  Right  Line  D  F» 
Now  as  in  the  Catenaria  this  Dtftance  is  the  greateft,  becaufe  of  the  greateft 
Deicent  of  the  Center  of  Gravity,  the  Cylmdric  Surface  to  be  appUed  will 
^Ifo  be  (he  greateft.  And  i>eeaufe  there  is  the  (ame  Ratio  of  Cylindrical 
Surfaces  cut  oflfby  a  Plain,  containing  aay  Angle  with  the  Plain  of  (heBafii^ 
as  when  the  faid  Angte  is  half  a  Right  Angle,  the  Propofitioii  obtains  uni* 
ver611y.         .  -  .  : 

F^3«.  LEMMA*] .  Iff^pn  offf  QrJimUe  F  ^  ferpimUcul^  u  iie  Axis  AB  0J 

4^  Curve  AFJ^  that  is.  defmhd  by  tht  m^^^^  ^  imfher  Cwve  K  V^ 
from  tin  c$mJjf(cfi4^nf^oiffl  Vin  KVa  pirfmlkMiair  VR  U  ktfalt^  meitbig 
thi  Ordinate  in  ^ ;  iftbe  plwii^n  of  the  Axis  AB  rtmfUns  tbeUmt^  At.Fln^ 
icion  of  tie  FMon  of  the  Ordinate  BF^  the  Fluxion  of  the  Curve  AF^  and 
the  Rsjj;ht  Line  FR^  Ksnli  h  conttnuai  Frdpifrticinals.     ' 

Let  the  Kttfe  Right  Liije  F/be  produced,  tilt  it  meets  the  next  Ordinate 
W  ^  in  0.  And  becaufe  t^  the  Hypothefis  F  j  =/ Wv  it  will  be  of  =F/, 
and  therefore  0  $  will  be  the  Fluxion  of /j,  tb^t  is,  the  Fluxion  of  die.  Flu* 
xion  of  the  Ordinate.  Moitover  the  Triangles  0  pf  and  /F  R  are  equianr 
guFar;  tiecaufe  09 f  U  equal  to  the  Alternate  (p/r,  and/i(p  =(F/r=) 
F/Ry  becaufe  their  Di£rence.R/r  vanifbesin  Reibeft  of  either  of  then% 
fmce  ft r  is  nothing  fti  Cotnbairifon  of />.  TTiercforc  it  is  V  ^ '.  ^/ : :  /F .  FR. 
But  pfmAfF  ara.eqntah^  fince  they  oalyt  difiet  by  tts  Fktfioii  of  ea(^« 
Therefore i>t^../F::/F,FR.    ^E.D. 

F/^-36.  Pry,  ^:ft(S^.}^ojkd the  Curve KJ^y  fy tit  Bvohtfio^ 

tenaria  A F ^is  defcribed* 

Make  A  H  3^,.  and  BFssjs  «  befoie.  Then  by  Frjf  2.  of  this,  *& 
j  ==:  ';■■■■■■    x-*y  or  2 «*>i4-3r jriiraetf «ia;.    Then  by  Nemt^-s  Mci 

thod now  in  common  ufe,  'tis  2  ^  i/  *f-  4  tf  x  y^'  +  2  x  i/  4-  ^  ** J^7=  2a*'xx 
2a:  c ;  (for  i  ssi  o^  bccaufe;  t  m  a  oonftant  Quntity.)    Tbaerefeiie  /ss 

■-- .n  It  by  fobSbitttfng.  uraeadl  of^  ui 


zax+xxx^  2ax+xx 

Vahie-rir^-tttgS  (for  the  Sign  —  prcfistt  »  the  Qw»ti«y  >  «aJy  ^^w^ 

^tax^xx  *         . 

that  the  Place  of  the  Point  R  in  refpeft  of  F;»  is  opMfkc  »  «hc  Place  of  the 

Point 
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VHKBtFvatdptSktiB,  fines tbe  OiPKAF<Xtscoiusiritt»m4»^Am 

AB.)  Andhy  the  feconj  Pre^.  of  ibis,  F/=   f^r^',  '   Wliaefere  bv 
Che  foregoing  Zm«a,  FR==^=^>£^x  '  ^^-^lljf  ^^"^"^^^ 

= — 5 ^*     Again,   becaufc  of  the  Right-angled  Triangle* 

Fj/andFR-V,  having  equal  Angles/ F/ and  VFR,  becaufc  VFj  is  the 
Comjdement  of  each  to  a  Right  Angle,  it  is  Fj;  j/rjFR:  VR,  or  *r 

■j===^s= : :  ^ '—'    V  K,  which  therefore  is  equalto  tf +«; 

Therefore  diis  is  the  Nature  of  the  Curve  K  V,  that  if  A  B  be  called  »,  it 
wUJ be FR=.-- J- ,  and  VR  =  «+*.    ^E.1 

COROL,  1.}  AC: CB'.tBHtFR,    For  this  is  tbe^  Prtpewy  of  the 
Right  Line  F  R  found  above. 

u  TheRightlineCBiseq^toRIoryR}  for  each  of  them i»C(|uali 

g.  Tint  eYoWiag  Right  Line  V  F  is  a  third  Propordooal  to  the  JUaea  A  C 
and  CB.    For  becaufc  of  etjuiangkd  Triaogjes /Fjand  V  F  R^  k  is  *  F  j 

F/::FR:TF.    Or i::^^i^: :l±i2^2liff±fiS.VF, which thero^ 


the  Radius  of  a  Cirdc  which  is  eguicurved  to  the  Catenaria  in  the  Point  F. 

4.  When  the  Boint  F  Mb  in  A,  or  when  the  Vertex  is  defcribed  by  Evo- 
btioo»  that  is,  when  r  s;  Oy  the  Value  of  the  evolving  Right  Line  V  F» 

v^iichnitkisCa&ii^KA,  becomes—^ — rr^.  Thacts,theFbineK» w&eoe 

the  Curve  V  K  meets  the  Axis,  is  as  much  above  the  Vertex  A  of  the  Giain> 
as  C 16  depre&d  below  the  fame.  Whence  the  Diameter  of  a  Cixcle^  ecpi* 
curved  ta  the  Chain  at  its  Vertex^  is  equal  to  the  Axis  of  the  conterminate 
Hyperbola.  A  H.  Thereibre  the  Chain  A  D  and  the  Hyperbola  A  H  have 
tiie  fiune  Deg^  of  Curvature  at  the  Vertex  A :  For  it  is  gencsally  know» 
that  the  aibreiaid  Grde  is  equicurvcd  to  the  Equilateral  Hyperbola  A  H  im 
the  Vertex  A.  Alfo  this  appears  from  the  Nature  of  the  Chain  itfelfr  bjr 
what b  ctenxaftratcd  Prop.  2» of  diis.    For  the  nafcent  Line  iFHssAPss 

the  na&em  BP  ss  VTJ7i»  double  tathe^  nafcent  Line  BU  Or  VT^nT+jr? 

B(whe& 
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s»(when  9C  Vamflics)  V  i  oixi  And  therefore'the  feme  Pbmt  is  both  in  the 
nafcent  Hyperbola  and  the  nafcent  Catenaria,  That  is,  the  nafccnt  Hyper- 
bola AH  c6incides  with  the  nafcent  Catenarla" A D,  and  thcrtfore  theft 
Lines  are  e^uicurved  at  the  Vertex  A.       ^  %  - 

5.  The  Curve  K  V  is  a  third  Proportional  to  the  Right  Line  A  C,  and 
the  Curve  A  F»  or  the  Right  Line  A  L.    For  from  the  Nature  of  Evolution 

KV  =  VKA--KA=VF  — KA  =  ^-^^'^^-a=     ^    !      ■      ■ 

a  a 

idX'X'Xx  • 

' *  Andthereforea:  V2<ix-|-  xx::»J %ax'\-xx.  KV. 


a 


But  V  2  a  *'+  *  *  =;  A  F,  by  Cor,  2.  Prop.  2.  Whence  A  C ;  A  F : :  AF. 
KV.: 

6.  The  Right  Line  K I  is  double  to  A  B.  For  fince  HT  =  B  C  =  C  A 
4- A  B,  it  will  be  A I  =  C  A  4-  2  A  B.  But  A  K  =  C  A,  by  Corol  4.  of 
this.    Whence  K I  =:  2  A  B. 

7.  The  ReAangle  of  A  C  and  BR  is  equal  to  twice  the  Hyperbolical 

Space  BAH.    For  F  R  x  A  C  =s  — 1— -i— ^ -11 — X«  =  «+>>C: 

^  zaX'^xxz^xY^'^  2aX'\'XX'\-a%'^  zaxX-xx  =  ABxBH-j- 
ACxBH=±ABxBH  +  ACxBD4-ACxDH.  Therefore  FRx 
AC  — BDxAC=:BRxAC  =  ABxBH  +  ACxDH.  But  by 
Prop.  4.  of  this,  'tis  A  C  x  D  H  =  Space  A  G  F.  And  therefore  B  R  x 
AC  =  ABHL  +  AGF=2BAH,  by  Cor.  t.  Prop.  5."  ' 

I 

^'t*  3«-  Prop.  7.  Tbcor.]  ^  in  the  Lcgaritbmic  Curve  LAG^  tvhdfi  given  SuIh 

tangent  HS  is  equal  to  the  Right  Une  a»  (determined  Car.  2.  Prop.  2.  of  this) 
a  Point  A  be  taketiy  whofe  Diftance  AC  from  the  Afymptote  HP  is  equal  to 
the  Sub  tangent  HS ;  and  from  the  Points  H  and  P^  any  bow  taken  in  the 
Afymptote^  equally,  dijlant  from  the  Point  C,  if  Ordinates  HL^PG  are  ere  Sled 
to  the' Logarithmic  Curve,  to  half  the  Sum  of  which  HD  or  P  F  are  made 
equals  the  Points  D  and  F will  be  in  the  Catenaria ^c^rrefponding  to  the  Rigbt^ 
Line  AC. 

'  Make  A  B  =  y,  and  therefore  C  B  or  D  H,  the  half  Sum  of  the  Ordinates 
HL,  PG,  willbe^^xj  let  the  half  Difference  of  the  fame  be  called  j; 
Then  H  L  =  ^  -j-  x  -^y,  and  P  G  r=  ^  -j-  *  — >  And  fince  from  the 
Nature  of  the  Ld^rithmic  Curve  C  A  is  a  mean  Proporrionaf  between  thcfe, 
^  will  be  aa-\'2ax-{'X x  — yy  =  a a^  and  therefore y  =  ^l  2ax^77. 
SothatHL  =  j^x-|-\/2tf;f4-xx,  and  PG=:tf^-;c  —  \^  2  4^4-77 

Therefore  the  FJuxion  of  H  L,  or  /  m,  is  ti±JLL^±^t±II. 

^  xax^xx 
2  And 
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And  becmife  of  fimllar  Triangles  /to  L  and  L  H  Si:  it  is  L  H :  H  S : :  //» i 


ax 


mL,     Whence  wL  or  di^  the  Fluxion  of  BD,  is  equal  to   ,      .  i  -r^::;* 

That  is,  the  Curve  A  D  derived  from  the  Logarithmic  Curve  in  the  forego- 
ing  Manner,  is  of  fuch  a  Nature,  that  if  its  Axis  is  called  x  and  its  Fluxion 

i,  the  Fluxion  of  the  Ordinate  B  D  will  be  -: 7=*   But  this  is  the  very 

'^2aX"\^xx  ^ 

IVopcny  of  the  Catenaria  to  which  a  belopgs,  asVlemonftrated  in  Prop.  i.  of 
this.  Therefore  the  Curve  FAD  above  dcfcribed  is  no  other  but  the  Cate- 
naria.    ^E.D. 

COROL.  I,]  As  by  the  Help  of  the  Logarithms  the  Catenaria  may  bede- 
fcribed,  &i  on  the  contrary  by  means  of  the  Catenaria,  which  is  conftrudcd 
by  Nature  herfelf,  the  Logarithm  of  a  given  Number,  or  rather  of  a  given 
Eaoo,  may  be  found.  As  fuppofing  C  A  to  be  Unity,  whofe  Logarithm  is 
equal  to  ^,  let  us  find  the  Logarithm  of  the  Number  C  Q^  or  of  the  Ratio 
between  C  A  and  CQ.  To, the  Right  Lines  CCLand  C  A  let  the  third 
Proportional  be  C  V„.  and  let  half  the  Sum  of  C  Qand  C  V  be  C  B.  The 
Ordinate  to  the  Catenaria  from  B,  that  is  BD>  is  the  Logarithm  required,. 
The  Reafon  is  plain  from  the  Propofition. 

2.  On  the  contrary,  if  from  the  Logarithm  given  C  H  or  C  P  the  correfl 
pondent  Number  HL  or  P  G  were  required,  or  the  Ratio  H  L  to  C  A,  or 
P  G  to  C  A  i  from  H  or  P  let  a  Perpendicular  be  raifed,  meeting  the  Cate- 
naria in  D  or  F ;  and  let  C  R.  be  made  equal  t o  H  D  or  P  F,  that  is  to  C  B, 
and  jet  it  be  terminated  at  the  Horizontal  Line  A  R*  Then  will  A  R  be  the 
Semidifierence  of  the  Lines  required  L  H,  G  P,  as  H  D  or  C  R  is  their  Se- 
mifum,  by  what  is  demonftrated  above  about  the  Nature  of  the  Catenaria^, 
(For  in  three  Quantities  that  are  Geometrically  proportional,  fuch  as  H  L, 
C  A,  P  G,  the  Square  of  the  half-fum  of  the  Extreams  IcflTcned  by  the  Square 
of  the  Mean,  is  equal  to  the  Square  of  the  half-Difference  of  the  Extreams.) 
And  therefore  CR  +  AR  and  CR— AR  are  the  Numbers  HL  or  G  P, 
belonging  to  the  given  Logarithm  CH  or  C  P. 

3.  From  the  Demonftration  it  is  evident,  that  as  H  D  the  half  Sum  of  the 
Qrdinates  H  L,  P  G,  of  the  Logarithmick  Curve,  applied  perpendicularly 
to  CH  in  H,  is  the  Ordinate  of  the  Catenaria;  fo  the  half  Difference  of  the 
iime  HL,  P  G,  applied  perpendicularly  to  C  A  in  B,  is  the  Ordinate  of 
the  equilateral  Hyperbola  defcribed  with  Center  C  and  Vertex  A ;  and  there- 
fpre,  by  Cor:  2.  Pfdp.  2.  of  this,  is  equal  to  the  Catenaria  AD:  For;^;= 
V  zax+xx.  And  fince  it  is  Ihcwn  in  the  foregoing  Corollary,  that  A  R 
alio  is  the  half  Difference  of  the  Right  Lines  H  L,  PG,  it  is  plain  that  AR 
is  eqial  to  the  JPortion  of  the  Catenaria  A  V.  Whence  by  the  Way  a  Me- 
thod is  difcovercd,  from  the  Chain  A  D  being  given  to  find  C  the  Center  of 
(he  conterminatc  Hyperbda,  or  that  Point  in  the  Afymptote  of  the  Loga- 

Vot.  L  H  rithmick 


(  Jo  ) 

rkhmick  Cbire  GL.  For  if  A R  is  takeft  cqtiar  to  the  Chain  AD,  ted 
from  the  middle  Point  of  the  Right  Line  B  R  a  Perpendicular  to  it  is.raifcd, 
this  will  meet  B  A  the  Axis  of  the  Chain  in  the  Point  required  C,  as  vety 
plainly  appears.    For  thus  C  R  will  be  equal  to  C  B. 

4.  Hence  alfo  it  follows,  that  if  the  Angle  B  D  T  be  made  equal  to 
A  C  R,  the  Right  Line  D  T  will  touch  the  Catcnaria  10  D.  For  thtis  in 
the  fimilar  Triangles  D  B  fr  and  CAR,  it  will  be  DB  :  BT  ::C  A:  AR^ 
or  the  Curve  A  D  which  is  equal  to  it.  And  therefore  by  Corol.  Prop^  i.  of 
this,  DT  touches  the  Catenaria. 

5.  It  alfo  follows,  that  the  Space  ACHD  is  equal  to  the  Reftanglcof. 
C  A  and  A  R.  For  becaufe  A  YD,  by  Prop.  4.  is  equal  00  the  Triangle 
under  C  A  and  A  D— B  D  =  (by  Corvl  3.  of  this  Prop.)  A  R— A  Y  =2:  YR, 
the  Propofition  is  plain.  And  becaufe  C  A  is  given,  it  is  evident  that  the 
Space  A  C  H  D  is  as  the  Curve  A  D,  ot  its  Fluxion  H  i  is  as  the  Fluxion  oP 
thisDi.  " 

6.  If  through  the  Point  K,  where  C  R  meets  H  D,  a-  Lme  K  Z  is  drawti 
parallel:  to  P  H,  meeting  the  Right  Line  A  C  in  Z,  and  C  t  be  taken  equal, 
to  half  the  Sum  of  B  C,  CZ  5  the  Pbint  E  will  be  the  Center  of  EquiH- 
hrium  of  the  Curve  FAD. 

Upon  F  A  D  let  it  be  conceived,  that  the  apright  Superficies  of  a  Cylinder 
is  crefted,  and  cut  by  a  Plain  through  P  H,  at  half  a  Right  Angle  with  the 
Plain  of  the  Curve  FAD.  This  Superficies  will  expounti  the^omentoF 
the  Curve  FAD,  wlien  Kbrated  upon  the  Axis  P H  5  and  its  Fluxibn  is 

pHxDJ  +  PFxF/=2BCxAD  =  2x'Hr^XV=^ 

Q,aa  xj^/^ax  x^2  xx  x a  ax       _\^^  ^"^^  ^x  ^^^axx-^^xxx 

^2  ax^  XX  ^2  a  ic^x  X  ^  2ax'-\^x  *^  V  2  ^  A'-f-'i^ 
of  which  the  Fluent  is  ax^^  -}*  a'^  2  ax-^xx  ^  x^  zax  ^^x  z=z. 
CAxBD+CBxAD.  Wherefore  C AxBD^-CBx AD  is  equal 
to  the  aforefaid  Cylindrical  Superficies,  (for  they  are  nafcent  together)  which 
is  equal  to  the  Moment  of  the  Curve  FAD,  when  poifed  upon  the  Axia 
P  H.  Whence  the  Diflance  of  the  Center  of  Gravity  of  the  Qjrve  FAD 
XL        u    T.        ^.  CAxBD+CBxAD  CAxBD. 

from  the  Point  C  is-^ ^TaD '  "  ^       ^D       +  ^^  ^  B, 

Moreover  becaufe  of  2  K  parallel  to  A  R,  it  is^  A  D  :  B  D  : :  A  R :  ZK  : : 

C  A  V  BD 
C  A :  CZ,  whence  CZ  = — ^-^ — j  and  therefore  C  E,  which  by  Coit* 

ftrudion  is  equal  to  ^BG  +  i  CZ,  will  be  equal  to  i^^—^-j-^BC 
That  is,  the  Center  of  Gravity  of  the  Curve  FAD,  aod  die  Poiftt  E  deter- 


lit) 

tfaefiHneRr^LiH^'  and  fittatc^the  &im  Way^..|beyiuuft:.nccefliri|y  od- 

4Kldei  .it'':-..".         :.  ''I  I   \     •.  .•    ^    •  .    .   .     . 

The  Coincidence' 6f  the  P'di/i'tE,  as  above  deter^raned,  with  rfie  Center  ot 
Equilibrium  determined  Prep.  5.  of  this,  may  b»  thus  fliswn  fynthetically. 
By  Corel.  1 .  Prop.  5.  'tis  2BAX  =  AYD-}-BAxAR.  A\'hence  A  H 
^-2 B  AX  SB ACiHf}4-B  Ax  A R  5=  <bv  the  foregQing  X>W.}.A R  v 

CA+BAyAR.  Thit^s  ft»xAC+2BAX=siARxiCXfirBpK 
AC *=ARx^e B-^ a  BAXi  W^wioe  B Px  AC^- A  DkBC  =  AD 
5<BC+AR^CB^2BAX:^2ADxBCi-,3BAX=?=2ADx 
AC4.-2.ABxAt— :iaBAX»  ..Ao4't)K?^gly#fS  toaAD,  it. will  be  j. 

AD      +  ^.?V'==  A;C  ,+  !  ,:     .  AD.~7-  =  C  A  +  -^-  -• 

•    ■'•  ARX         .••;■'■  .'.,.■ 

fiwt  -;^;^ii  lfeiXft«iQe  Qf-t^.<?enter'of  Equilibrium  of  the  Chain  frpin 

-'    - 't     C".  I        .  ,  A  IB  Y 

the  Vertex  A,  by  Prep.  5.  apd  therefore  by  the  fame  C  A+    ..  ^  -  is  the 

# '  B  Dx AC 
Diftancc  of  the  Point  E  from  C,  an^l  i  1     ,.  ^    .  +  ^  B  C  is  the  Diftance  of 

the  fame  E  from  the  fame  Q  by  this- C^rc/,  Whence  it  appears  that  thefe 
two  Determioations  pf  the  Point  £  come  to  the  fame,  bcc^ufe  C  A  + 
ARX      ,BDxAC.,^^ 

7.  The  Center  of  Gravity  of  the  Space  PF  A  DH  is  in  f,  the  mickJle 
Point  of  the  Right  Line  CE.  For  ftnce  the  Ccr|;er  of  Gravity  of  the  Flu- 
xion of  A  D,  or  D  J  and  F/,  is  diftant  as  far  again  from  P  H,  as  rhc  Cen- 
teref Gravity  t)f  the  Flaxion  of  ACHP,  orDHA</  and  FP^/,  and 
D^+F/x  AC  is  given,  qqual  to  DdbH  +  F/pP\  it  is  plain  that  the 
Center  of  Gravity  E  of  the  Fluent  F  A  D  is  as  far  again  diftant  from  P  H, 
as  the  Center  I  of  the  Fluent  P  F  A  D  H,  But  I  fhall  prove  this  othcrwife, 
after  the  manner  of  the  foregoing. 

Let  an  ereft  Cylinder  be  fuppofed  to  be  raifed  upon  the  Figure  P  F  ADH, 
and  cut  off  by  a  Plain  paffing  through  P  H,  making  half  a  Right  Angle 
with  the  Plain  pf  the  Bale  j  that  Solid  will  reprefent  the  Moment  of  the  Fi- 
gure P  F  A  D  H,  when  poifed  upon  the  Axis  P  H.  The  Fluxion  of  this 
Solid  or  of  the  aforefatd  Monsent,  (chat  is^  the  Solids  ereAed  upon  P  Ffp 
and  a  D  dJb)  is  produced,  if  the  Monoent  of  the  Fluxion,  or  the  Fluxion  of 
llie  Mdmemof  AP»  is  drawn  into  the  given  Line  ^  AC.  For  by  Carol. 
5.  of  this  Propofition,  Ht)  d  h  zsiD  dx  A.C.  Wherefore  the  flowing  Mo- 
ment ttfelf  is  produoed  by  ciuitipij^iDg  the  Monoent  of  the  Curve  F  AD  in  • 
fdped  of  the  Axis  P  H,  detcrmmed  by  the  foregoing  Corollary,  that  is, 
Cax3D+CBx  AD  into  4.  AC ;  and  therefore  it  will  bc4  ACxACx 

H  2  BD  + 
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BD-f^  ACxCBxAD.  Now  if  this  be  applied  to  the  fibrated  F^pore 
PFADH,  or  xC AxAD,  bfCor.  5.  of  thisPr^.  there wUl arifc  the 
Diftance  of  the  Center  of  Gravity  of  the  Figure  PFADH  from  the  As^ 

C  A  ^ BD 
P  H,  equal  to  i  < — -^-^ — '  +  i  C  B,  which  is  equal  to  half  the  Right  Line 

C  E,  as  above  determined. 

8.  If  through  the  Point  N,  where  D  T  the  Tangent  to  the  Catenaria  ia 
D  meets  the  Line  A  R,  a  Right  Line  be  drawn  parallel  to  B  C,  meeting  a 
Right  Line  through  E  parallel  to  A  R  in  the  Point  O ;  this  Point  O  will  be 
the  Center  of  Gravity  of  the  Curve  A-D.  For  by  Gorol:  6.  the  Center  qf 
Gravity  of  the  Curve  A  D  is  in  the  Right  Linfc  E  O.  -  But  k  Will  be  alfo  d&. 
monftrated,  that  it  is  in  the  Right  Line  N.O».  and  therefore  will'  be  in  ithe 
Point  O.  Let  D  A  be  conceived  to  be  librated  abdur  the  Axis  H  L  5  the 
Moment  of  this  is  the  Curve  D  A,  drawn  into  the  Diftance  of  the  Center  of 
Gravity  from  HL,  and  therefore  its  Fluxion  is  DAxH*^  (Hit  is  the 
Fluxion  of  the  Diftance  of  the  Axis  of  Libration  from  the  Center  of  Gra* 


ax 


vity)  which  is  equal  to^iax+xxx    .         - — r  =  ^  i.  And  therefore  the 

*      ^2ax+xx 

Moment  of  the  weighty  Curve  DA,   librated  about  the  Axis  HL,  hax. 

Therefore  the  Diftance  of  the  Onter  of  Gravity  from  theiame  Axis  is  ax 

ACxDY 

applied  to  A  D,  or r-^ — •     But  becaufe  D  T  touches  the  Catenariai, 

by  Cor.  4.  of  this  Prop,  the  Angle  B  D  T  or  D  N  Y  will  be  equal  to  A  C  R. 

And  the  Angles  at  A  and  Y  arc  right  5  therefore  in  the  equiangular  Trian- 

jgles  R  AC  and  BYN,.  ^cis  R  A:  AC  :;D  Y:  YN.     Whence  YN  = 

ACxDY 

g-v — ^  that  is^  YNis  the  Diftance  of  the  Center- of  Gravity  of  the 

Chain  A  D  fiom  the  Axis  H  L  ^  or  the  faid  Center  is  in  the.Right  Line  NC|, 

9-  If  upon  I  a  Right  Line  be  drawn  parallel  to  AR^  meeting, O'N  pro- 
duced in  W ;  the  Point  W  will  be  the  Center  of  Gravity,  of  the  Space 
A  C  H  D.  For  by  CoroL  ^,  this  Center  is  in  the  Right  Line  I  W ;  and  it 
•  will  be  (hewn  prefently,  that  it  is  in  N  W,  and  therefore  is  the  very  Point. 
W..  For  in  the  fame  manner  as  in  the  foregoing^  the  Fluxion  of  the  Mo- 
ment of  the  Space  A  C  H  D,  Jibratcd  about  HL,  isfhewn  to  be  A  CHDx 

.     _^  ax 

llb  =  ACxAIXxiib=iax.^2ax  +  xxxA/         -i.  ~  =^^i.      And 

therefore  the  Moment  of  the  Space  A  C  H  D,  librated  about  H  L^  is  equal 
to  the  Fluent  of  the  Fluxion  aaxj  that  is  to  a  a  x.  This  therefore  applied 
to  the  Space  itfdf  A  C H J>i  or^a^  2ax^+xx^  gives  the  Diftance  of  the 

Center  of  Gravity  of  the  Space  A  C  HDirom  HI.,  chat  is    .  = 

'y^2ax+xx 

ACxDY 


ACxD  Y 

— ^^ — •    But  in  the  foregoing  CoroUaiy  it  h  Ihewn,   that  YN  ss 

ACxDY  r 

— gr^l — •     Thcrcfgrc  Ac  Center  of  Gravity  of  the  Space  A  C  H  D  is  in 

N  W:  And  by  thefe  two  laft  Corollaries  the  Center  of  Gravity  is  found;  of 
any  Portion  of  a  Catena  that  does  not  reach  to -the  Vertex  A,  '6r  of  any  Space 
of  a  Gatenaria,  comprehended  by  any  Portion  together  with  Right  Lines. 

It).  Hence  are  meafured  the  Superficies  and  SttliSs  produced  by  the  Rota- 
tion of  a  Catcnaria,  or  of  any  Space  comprehended  -by  that  and  Right  Lines, 
revolving  about  a  given  Axis.  For  the  Figure  generated  by  R6tation,  as  is 
eommonly  known,  is  equal  to  the  revolving  Figure'drawn  into  the  Periphery 
that  is  defcribed  by  the  Center  of  Gravity  in  the  R^ation  v  whith  Periphery 
is  given,  fJnce  its  Radius  i^  given,  or  the  Diftance  t>f  the  Centeiqof  Gravity 
from  the  given  Axis.    Thus  if  the  Catenaria  A  D  r^olvts.  about  the  Axis 

ABi  the  Periphery  defcribed  by  the  Center  of  Gravity  Q^l]  J»  —  A  N,  if 

—denotes  the  Ratio  of  the  Periphery  of  a  Circle  to  its  Semidiaraeter^.and 
dierefoie  the  Stiper6cies  produced  by  the  Rotatiocr  of  the  Catena  :4.P»  will 


T 


be-,  X  ANxAD=:  --x  ANx  AR.    That  is,  a;Circle  whofe^  Radmsis 

qual  in  Power  to  the  double  of  tlie  Reftangle  RAN,  (wili  be  ^tfokl  to  the 
Superficies  produced  by  the  Rotation  of  the  Chain  A  D  about  thfi/Ji%h  AB, 
In  like  manner  it  may  be  (hewn,  that  a  Solid  generated  by  the  RbtatiQ^of 
the  SpaceACHD  about  AC,  is  equal  to  a  Cylinder  whofe.Bai^  i». the 
aforefaid  Circle,  and  its  Height  equal  to  A  C^  And  fo  niay  the  Superfici^ 
and  Solids  be  meafiired,  that  are  produced  by  the  Rotation  of  theib  Figures 
about  any  other  given  Axis.  For  when  the  Centers  of.  Gravity,  are  kno!«fB, 
rile  reft  wiJl  eafily  follow.  ,      .  • 

2.  What  hd9  been  objefted'by  an  Anonymous  Author,  in  his  Anio^d-?^. 
vcrfibns  upon  our  Demonftrations  concerning  the  Catenaria,  is  this*  ^^'{"^j^uIgt^' 
Up/.M^Feb.  jh.  1699.  That  I  have  undertaken  todemonftrate,  after  my  giy.  N.I5/.V 
Manner,  a  Matter  found  out  and  publifli'd  by  others  feven  Years  ago.    This  4^9-  !>«•  An. 
is*  true,  and  I  cannot  find  any  thing  in  this  that  is  Blame* worthy.     Thofc'  ^ 
g  ^eat  Men  HufgeHs^  Leibnitz^  and  BemomUi^  have  difcovered  and  communis 
c  ccd  many  Properties  of  the  Catenaria,  but  without  Demonftration.    I  have 
c  ntrived  Demonftrations,  which  was  the  Thing  I  undertook  to  do. 

But  was  this  Matter  (that  is,  the  Nature  and  primary  Properties  of  the 
(  Uenaria)  found  out  andpubliihed  by  others  ?  Surely  that  Property  of  *  tt)e 
€  atenarm,  in  C^i  6.  Prop.  2.  was  not  at  all  mentioned  by  others  before  ibe 
Fabiication  of  thefe  Demonftrations ;  although^  if  I  am  not  niiftaken,  it  may 
b :  reckoned  among  its  primary  Properties,  is  the  cnoft  ufeful  of  all,  and  moft 
esifily  reduced  to  the  commM  Purj^fes  of  Life.    From  all  Ages  Architeds 

h^ve 


..havif  mafkjUfe, of  Archcji  Jp  publick  BuiIdinM,  ,as^we/l  /or  ftneogtb  as 
T5cauty.    Tet  wliat  'was  Ac  true  'Geometrical  Figure*  bi  an  Arcli,  waa  not 

kno^y^i  Jhe^rc  my  Demonftrations  caoie  out. ^'       /  >  /* 

'••  ^insflrft  TJiing  lie  finds  Katilt  with  is^,  that Itiffirm -feme Things  araptain 

-  from  JV^ch^iokf,  whi^^  he;^binks  Ihotild  ba^e  been  explained  and  applifsil 
.  morefliftipiJtly.     As  J  .jT^ndertOQk  to  dcmonftrate  fome  Thpor^ms  to  G^c^ne-* 

trician'?,,Idid:.inpc,thl4fi  AtnecdJary  to  pucfue  eveiy .Thing  very,  mkuitb^jf. 

But  that  I  may  oblige  the  Animadvertef,  I  will  now  demonftrate  that  Lem^ 

^tiiOpi  iRr-f^v  ?  .[becaufc  I  canpot  expreis  it  mo!»e  fully  than  I  have  akeady  ^nc, 

i^.thci^ijq|W^Dg.W<y  '  .'  ,  '    *     ^ 

."Thr-eie*  Powers <»5i^         m  EquiJibiio  have  tbe.^ne  Ratipas  tfij-o; 

**  jRig^H  iU»?.^>.  which  are  parallel  to  the  Direftions  of  the  Pow^s^  or  .a^ti 

^^  fnfi^i^f4  .W'a^giwn.Angle,  ^od  terminated  by  their -mjufiual  Coflcourfel,**;  ^ 

ri.  39.     >r-A?/i^jPPfe'^^^     Ppw?rs  are  in  ^yilibrio,  chat  eitfcer.:draw^  prels^  or 

^ff^V  i^:3^.Acpor<iing  pp  ^ree  Right  Ir-incs  P  A^  P'B»  PC;  and  let'^JUe 

three  Right  Lines  E  F,  F  D,  D  E,  be  inclined  to  thefc  Directions  in  any 

%iVei/ATi^i'ithat  is,  l^t'thtt  AngJesEAP,  FBP^  RQ**,  be  ciqu^:.'! 

iay  the  lowers  A,  B,  C,  are  to  one  another  as  the  Right  Lines  F  E,  F  D> 

Lettjie  Right  Lines  A  P,  B  P,  C  P,  be  produced  to  G,  H,  K, 
'  InThfe'Qnathilaterum'F'AiBP,  becaufe  by  Hyporfiefis  ti»t' external  Aa^ 
EAPJf  qjualto  the  internal  and  oppofite  Angle  PBFt  the  two  internal 
oppofite  Angles  F  A  P  and  FBP  will  be  equal  to  two  Right  Angles;  and 
^\Mt  i^n^  fouirinternar  Angles  are  equat  to  foctr  Right  Angles,  the  och^r 
^CMio  j^U)^l66  F-md/AB^'iopporite  in  tke  (ante  Quadrit^cu-um,  will  ajfp  be 
'i#q|M(;«b  t4vo Jlight  Afi^fes,  SBiit  A  Pfi.and  B  P  G  noake  two  Right  Ones ; 
^meriefo^^e  Angle  F  ts  ^qoaj  to  B  P  G.  la  like  manner  D  and  £  may  be 
J^flifewft,'ett^al:w;B  PC  iisd  APJK.  - 

•   'W^oW'^tetttafe  the ^hmetjPcwcrs  Em.m.^utlibwo^  they  ai«  inaraovcable, 

<ViftA  theit;&rt(iaif  one^of  thmain  tefjpsft  of  ihe.^wo  otbeis  that  remain  in 

^quilibrio,  may  beconfidered  as  a  Fulcrum.  If  B.MftbeiFulcrijGQ^  by  a  molt 

known  Theorem  in  Mechanicks,  the  Power  A  is  to  the  Power  C,  as  the 

■^-;         Sine  df  ehe  Angle  BP.Kaothc  Sine  , of  the  Angle  BP'G,  that  is,  as  the 

\^  *        Sine  cjf  the  AftgfeD  to  cto  Sine  of  the  Angle  F-,  that  >s,/as  the  Right  Line 

FE  10)  tte  «^btiJine  DE.     Again^  '6App^\X\g  C  the  Fulcrum,  the  Po«ier 

A  is  to  tfee  Power  fi,  as;  riiB;Snie  bf  the  Angfe  C  P  H  w  ihc  Sine  of  the  An- 

gleCPG,  ortheSine  oftbe  Angle  BPK  t«>  die  Sine  of  the  Angle  A  PK; 

rliat  h^  Thi?  Sine  of  the  A^ngJe  D  so  tb^  Sine  of  fhe  AtiglQ  £,  or  d»  the&^t 

Line  F  E  m  F-D.     ITfccrefore  cbe  tlifcc  Powets  A,  1^.  and  C,  are  as  tl^c 

Right  Lines  F  E,  F  D,  and  D  E.     ^  £.  i). 

rig.  40.      -     We  muft  now  fay  fomcthing  about  the  Appjicafion  tkf  this  Mechanical 

Leinma.     If  the  atefckite  Gravity  of  the  little  Line  dSi.  esqpounded  by  d  D, 

-  as- ffti^d- above  in  Prop,  f,  is  jccnccivcd  to  be  coJle6led  in  its-Center  of  Gravity 
M^  amd  thishtavyLincy  by  Virtue  of  its  Gravity,  en^vours  to  deiceod 
according  to  -the  Diret>i<wi  M  F  peqwidicular  mdY>\  the  Power  drawit^ 
according  to  M  D,  which  is  ia  ^uilibno  mtktht  (aid.he«vy  Line,  by  the 

forego- 


(It) 

Foregoisg  L^itma  is  to  its  Mbmentuai  tt  Power  drawing  accoiding  to  MF, 
as  /D  is  to  /  d.  For  the  Angte  iDd^  ih  which  D  #  is  inclined  to  N^D,  i«r 
equal  to  the  Angle  ^t  F,  in  which  ,J^  is  inclined  ^  M  F^  for  each  is  the 
Complenoent  of  tb(^  Ar^fe  i^  to  a  Right  Angle.  And  this  will  obtain^  as  the 
AninoadTerter  acknowledges,  if  chraferefaid  Weight  (as  in  thevulgal*  Me- 
cbanicks)  incombing  upon  the  Plain  M  F,  is  drawn  by  Help  of  a  Pulley  at 
M,  by  another Wcigte  incumbing upon  M0:  Then  this  will  be  to  that 

Other  Thrng^  wmaniing  as  before,  if  the  Manner  of  Application  of  thefc 
Yowers  is  changed,  fo  that  to  the  middle  Point  lil  of  the  flexible  Line  dX); 
whofe  Ezoreniity  d  is  6xt,  a  Weight  be  applied  exerting  its- Force  according. 
lO'M  F  V  (Spr  tn^de^bdndtng  k  would  defcribe  an- Arch  with.  Center  i  and  Ra- 
dius/iM)  the  Force*  of  this  Weight  to  bend  the  flexible  Ri|ht  liine  at  M, 
would  be  infinite' in  reipeft  of  tlfe  !Force  of  its  abfolute  Gravity.    And  the 
Force  drawing  according  to  MTJ,    which  is  required  in  order  to'  prevent 
the  afcrefiid  bending,  would  alfo  be  infinite  in  refpeft  of  that  which  was  be- 
fore required,  to  fupport  the  Weight  M  in  the  Plain  MF.     So  that  the 
Powers  which  in  the  fbrmer  Manner  of  Application  were  expounded  by  df 
and  i  Dy  maft  now  be.  expounded  by  infinitely  greater  Lines,,  which  are  flill 
proportional  to  the  former.     For  a&  before,  the  Weight  M  draws  according 
to  the  Dtre&ioh  M  F,  and  the  Power  fuftaining  it  according  to  M  D-;  and- 
that  thefetwo  ^t  in  -^EquiHbrio  alppears  from*  the'Parts  of  the -Chain  being'.    » 
at  re{h    Therefore  the  Ratio  of  thefe  remains  the  fame  as  befoHi..    But  the 
Caufe  which^^itends  into  a  Right  Line  the  flexible  Line  dD^  (whofe  Extre- 
mity d  h  immoveable,  and  to  whofe  middle  Point M  a  Weight*  is  applied, 
which  is  iiide6(|  infiokely  littk,  but  whofe  Force  by  this.  Manner  of  Appli- 
cation is  made  infinitely  greater,  and  therefore  in  the  Language  of , the  Ani- 
madverter  beobmesr  affignaUe)  is  the  Weight  of  chef  Chain  D  A,  which  ia 
proportioDal  to  its  Length.    This  therefore  to  tha  confta^t  and^a^agpable 
Qmpticy  a,  (proportional  to  the  conftant  bu|:  oot  aflig«able  (^antity  di)  is 
aslE) i  to  id.    Aad thus  I  hope  it.  will  appear  ta.  the  Animadverts,  that  t 
have  proved  the  Conclufion  to  be  true,  without  making  any  erroneous  60* 
fitions.     ,  • 

XIV.  Let  A  C  F  be  a  Semicircle,  whofe  Diameter  is  A  F  j  A  D  E  is  a««  sfuadrMrw 
Curve  GeonaetrieaJly  iritatiofta!,  whofe  Ordinate  BD  cuts  theScnaicirclc  in£^S\^aI 
C.    Now  let  the  Quantities  be  thus  repcefented.    The  Diameter  A  F  rs  2  a^  ^'«w^  i  m?. 
the  Abftufe  A  B=/,  the  Arch^C  =:%  and  the  Ordinate fiD-=.J2.    Ut J•f.y;o^ 
2=  r  ^'J°  be  a  general  Equation,  exprefling  the  Natures  of  the  Geometfi-^-  An.  U97, 
caUy  irrational  Curves  A  D  E,  in  which  r  denotes  any  given  and  determinate     '^'*"' 
Quantity,  ^nd  n  the  indefinite  Exponent  of  the  iridcterminate  Quantity  jy.  ^  h 
fiy  the  Area  of  the  Curve  will  be  -      


(si)] __ 

yi— 1 4^  -^ — y  *  -i ! '  ■    ' — ^  y  .^  +  «  "■  ' —-2 

•/n^       •» — I.        -^         »  » —  2         *^         i0«^t> 

.Coaccrning  this  infifnite  Series  the  foUowiog  Things  are  ta  be  obfcrvcd, 
(i.)  That  the  Capitals  A,  B,  C,  D,  E,  6?f.  denote  the  Coefficients  of  the 

Terms .  immediately .  preceding.  Thus  A  =  -^ — =7=^^ '  B  = — i> 

/ «x»+iV  ir  —  i     J 

^       aB'K  2  n  —  3        ,-  ^.^,       .^.^ 

'^-^  = »tin — ^*  ^^        ^"'    ^^'^  '^'^^^  ^^  ^^^  Exponent  n  rcpreienis 

any  integer  affirmative  Number,  or  is  r=  o  5  or  if  2  «  be  an  odd  Number, 
then  the  Quadrature  of  the  Space  A  B  D  is  exhibited  by  a  finite  Quantity, 
becaufe  of  the  Series  breaking  ofFin  thefe  Cafes.  (3.)  That  y  reprefents  the 
laft  Term  fo  breaking  off.  (4.)  That  all  thofe  Figures  in  which  the  Series 
breaks  oflF  hajirc  a  Portion  Geometrically  quadrable,  which  is  eafily  affigned 

i^  f 

by  the  Series  itfelf.  For  if  the  Abfcifs;^  is  taken  equal  to  r  »+»  ^nj-j^qh+t^ 
the  Area  belonging  to  this  Abfcifs  will  be  Geometrically  quadrable,  (5.J  That 
only,  the  irrational  Term  V  z  ay  ^^yy  is  to  be  multiplied  into  the  Terms 
thar  foltow  it»  . 

Example  i.}  Let  2:  =  v.    Now  becaufe  ia  this  Cafe  ^is  r  =  i,  nssoy 

r  a 
therefore  '^^ — .;/  is  the  laft  Term  breaking  off.     Therefore  7  =  tf,  and 

A  3D  -dz  vy^  av^a  V  2  ay — yy^'  Therefore  by  NtSe  4,  if  there 
be  taken  the  Abfciffajy  =  a,  that  is,  if  the  Ordinate  pafifcs  through  the 
Center  of  the  Circle^,  thic  Portron  belonging  to  it  will  be  Geometrically  qua- 
drable:  For  then  Area  :==:  aa^  or  the  S^^rcof  thfc  Radius. 

*i;y  I 

Example  2.]  Let  2  =  r^*    Becaufe  in  this  Cafe  r  =  — '  «  =  i,  there- 

2  H  i^  a  a  J—  fa  a     ^-  ■         '       1'        '  ^  ^ 

f(»c  " —     u...  /ji.L/-"  y    f  is  the  laft  Term  breaking  off,  fo  that  a  =  ■^— > 

vy^    .  0  a.v      y  -4—  3  ^  " 

whence  A  B  D' =  -^ *—  -^  +  -*— 7 — >  ^  zay^yy^  wherefore  by  Note 

4»  if  we  take;?  =.Tr"^ — '^.  th^  Gepmetrically  quadrable  Area  belonging  to 
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this  Abfcffi.will  be  V  >/  6  «♦  —  ^  ^^"TT'  ^  T' 

Example 


f  ExtmpU  J.]  Let  z  ss  ^  "^  in  this  Cafe  r  =  r^  ^  =  «•  and  therefore 

f'^'^^^^V^"  is  the  laft  Term  breaking  off.    Therefore  y  =  ^  » 
fo  that  by  the  infinite  Scncs  it  will  be  '"*"  -^     »'  - 

ABD  =  — ^ :■    ^^^x — .1    '"'■' ~~^      -^^^ 

therefore  by  Ni{te  4,  if  we  t^j^s:  y^'^l  the  Area  belonging  to  this  Ab- 

fcifewill  be  Geometrically  quadfable  5  that  is,  tfieArea    ^y^'TS^y-r^S^ 

-Second^  let  AC  F  be  a  Parabola,  wbofc  Axis  jm  AE,  Vqtex  A>  and  '"i-t*^ 
Parameter  B  A.  And  let  A  D  G  be  a  Curve  Geometrically  irjaxional,  whofe 
Oidtoate  B  D  cuts  the  Parabola  in  C.  Make  the  Abfciis  A  B  s>,  ^nt  Orf 
dmace  B  D  =  2:,  and  the  Arch  of  the  Parabola  ACz:zv.  And  let  jthe  ge- 
neral Equation,  exprcfling  the  Natures  of  an  Infinity  of  itratiprial  Curves,  be 
z=zrvfy  in  which  r  denotes  a  given  determinate  Quantity,  and  n  the  in- 
definite Exponent  of  the  indeterminate  Quantity  y.     Ifay  the  Area 

^  _^       rjwhJ^Jt;  . '. .  r 

ABDsss-— *r —  jn;  +  V  2  ay^yy  into       *     ' — '■"  i-'    y^*f 

rn  rig^gx  2  g4-  I      _^        aAxTp^^    _^ 

,    gBx2g  — 3^^,      tf  C  X  2  »  —  5 

Conccmmg  4his  Series  thefe  Thinjgs  are  to  be  obferved/    (i.)  That  the 

great  Letters  A,  fi,  C,  &?<:.  repnefiaxt  the  Coefficients  ijf  the  preceding  Tertfls 

refpcftively.    Ji2.)  That  if  the  Exponent  n  is  ah  affirmative  Intpger,,. or  equal 

to  nothing,  or  likewife  if  2  »  be  an  odd  Number,  then  tbe-Qyadrature  may 

be  exhibited  by  a  .finite  Number  ofTerms,  the  Series  breaking  ^  of  kfelf. 

(3.)  Then  is  q  equal  to  the  laft  Term  breaking  off.    (4.)  That  of  ihe  Terms 

multiplying  the  Quantity  ^  ^ay-^yy^  the  laftbneakingoffis  to  be  do.ubled, 

.)  That  all  thofe  Figures  in  which  n  is  an  Integer  pofitive  and  odd  Num- 

r,  or  more  generally,  all  the  Figures  in  which  the  final  Term  has.  ihe 

jn  -)-,   have  a  Portion  Geometrically  quadrable,  which  is  eafily  affigncd 

the  Series,  by  taking  the  Al^dis  as  in  NpL  4.  of  the  foregpirig^cries^ 

Example  i.}  Make  zs=iv.    Becaufe  jn  this  Cafe  r  =si,^»=sp,  there^ 

y  a  'a 

e  the  Term  laft  breaking  off  is  —  ===— — rrr- — ^y,  whence  j  ;;=:  pi—  — 

ll'4*2  X  «^-  X,  * 

Vot.I.  I  by 


(  J«  :) 

by  Not.  3,  And  bccaufe  'in  this  Cafe  —  — is^the  final  Terni,  therefore  ;^  ^ 
is  the  laft  Term  to  be  multiplied  into  '^TaJ^yy^  by  Not,  4.  and  there* 
foK  Aht  ^v  y -^--^  ■\- '^  lay  ^yyTSjrrky  —  ^'  ..     ,       .   \     ;      .. 


Example  2.]  Let  2  =  -^'    BecaufeUn  this  Cafe  r  =  — >   »  =5  i,  thcrc- 
fore  the  Term  breaking  oflf  is  — =•= J-,-    ;/    '  =  — •  Whence  j=:  ' 

'  .U.X' Hrjr  Z,Y,n 'ir  l\    ,      .  .4 

—J  and  ~  is  the  laft  Term  to  be  multiplied  into  v^  2  ay  ^yy,    Therefore 
tak=cj^=:\/-^>   the  quadrable  Area  belonging  to  this  Abfcifs  will  be — 

^'  ^yyp'  785-  5T&/r^/y.]  Let  A  C  F  be  a  Semicircle,  A  D  E  a  Curve  Geometrically  irra- 
fig'  ♦!•  tipnal,  whqfe  Ordinate  B  D  cuts  the  Semicircle  in  C.  liCt  the  Quantities  be 
reprefenteS  as  before,  that  is,  the  Diameter  A  F  =  2  4,  tke  Abfcifs  A  B=:^, 
the  Arch  A C  =  v,  the  Ordinate  BD  =  2;.  And  let  the  Equation  expret 
fing  the  Natwcs  of  the  Curves  A  D  E  be  z  =  r  1;*/,  in  which  r  denotes  any 
given  determinate  Quantity,  and  n  the  indefinite  Exponent  of  the  indeter- 
minate Quantity;^.     I  fay  the  Area  is 

"         '2  r  a 

A  B  D  =1:  r  y'-f  +  •  _  J.'y\  +  ^  ^^TITy  -^yy  into  ""=^^7=^"/  + 

2  r  /I*  X  2  »  4>.  I  aAx2n  -JTi    ^_        ^Bx>2  n  ^^  ^  —  ^ 

aC^in — 5    ^_     ,tfDx2»— 7     _     ^,  2  r  a^     ^,. 

."^nHzr^  *+--7=T7/  ^^^--^T^^*'- 

g  rp?  X  2  »  4-.  I    w      a*  A  X  2  g  —  i  a*  B  x  2  »  —  3    , _ 


Of  this.  Theorem  thefc  Things  are  to  beobfervedj  (i,)  That  it  is  com- 
pounded of  two  infinite  Series,  of  which  the  firft  (connefted  by  the  Sign  -j-) 
K  multiplied'  into  ^  ^  2  ay  — yy-j  but  the  Terms  of  the  latter  (afFedted 
>ith  the  Sign — )  are  abfolute.  (2.)  That  in  the  former  the  great  Letter* 
A,  B^  C,  D,  fc?r.  denote  the  Coefficients  of  the  Terms  that  precede  them  : 
Alfo  in  the  latter  they  have  the  iame  Values  as  in  the  former.    (3.)  That 

the 


Ac  Quadmture  is  exhibited  by  a  finite  Quantity,  ivhen  n  is  in  IffWger  pofi* 
rive  Number,  or  equal  to  nothing,  or  when  2  »  is  an  odd  Numben  For  irt 
thefe  Cafes  both  the  Scries  break  off-  (4.)  That  2  y  is  equal  to  the  Jaft 
Term  breaking  off  of  the  former  Series. 

.    Example  i .]  Let  2  =  — '     Becaufc  in  this  Cafe- »  =  o,  r  =  —  >    there- 

y  V*  , ' 

fore  it  will  be  Area  ABD  =  —  ^v*  +  2v^2ay  —  yy^2ay. 

Corel.  The  intire  Figure  A  F  E  is  equal  to  a  double  Square,  the  Side  of 
which  is  A  C  F,  taking  away  the  Square  of  the  Diameter. 

y  V*  I 

Example  2.]  Let  %  =  ^^'     Becaufc  in  this  Cafe  »  =  i,  r  =  -i>  there- 

J^*  ^*       3  ^3 

fore  the  Area  will  be  A  BD  =  "^  —  "^  t;*  -f-^V  2  ajp— jy;rx  ^  +  X 

Example  3.]  Let  z  =  — ;•    Becaufc  in  this  Cafe  »  =  2,  r  =  —;->,  the 

3  ^  _ 

ArcawiUbeABD=-?^-4.^  +  WT^3^^x'^+^^^ 

27^      18        ij 

XV.  Let  O  N  F  be  a  Logarithmick  Curve,  whofe  Afymptote  is  A  R,  in  Jj^t^^;^ 
which  let  fuch  a  Point  A  be  taken,  that  its  firft  Ordinate  A  O  may  be  tcpz\%kkCMr^ iy 
to  the  Subtangent,  or  to  Unity.  The  Curvilinear  Space  AO  NM  is  re-^-J-^'[''»*  ^ 
q[iiircd,  comprehended  by  the  two  Ordinates  AO,  and  M  N,  by  the  Abfcilsoauu^ieV^ 
A  M,  and  by  the  Logarithmic  Curve  ON.:  ^«'  41* 

From  O  draw  O  E  parallel  to  A  M,  cutting  M  N  in  E.    I  fay  that  the 
Redtangle  of  the  Segments  M  E,  E  N,  is  equal  to  the  Space  required. 

DemonftrationJl  Make  the  Ordinate  M  N  =:  z,   the  Subtangent  A  O  or 

M  E  =;  i,  and  to  the  Axis  A  R  let  another  Curve  H  G  Q^  be  conftrufted, 

whofe  Equation  is  2  j  z  =  ;if  at,  where  its  Ordinate  G  M  =  x    I  fay  it  is  the 

^uadratrix  of  the  Logarithmic  Curve,  according  to  the  Foundation  of  my 

Method :  That  is,  its  Subnormal  is  equal  to  the  reipedive  Ordinate  of  this^ 

as  according  to  the  Calculation  belonging  to  that  Method  may  appear. 

Therefore  according  to  what  I  have  explained  elfewhere,  if  to  G  be  drawn 

3  C  perpendicular  and  equal  to  the  Line  G  M,  and  aifo  H  D  parallel  ft> 

G C,  meeting  the  Lines  G M,  CM,  in  B  and  D ;  it  will  he  Trapezium 

I  2  ;  GBDC 


(  (So  ) 
GBDCssAONM.    But  GBDC  ss  GMC^BMDa  f^r^w  ^ 
HMqzszfK'^iHAq.  BucHAasyfzAOgbytbe  Nature  of  the  Coryg 
HGQ^     Therefore  G  BDC  =  j«— .  A.O4  sr  AOx  M  N  —  AOaa 

MExMN  — ME=MExEN.     Therefore  alio  AONM»MEk 
EN.    ^E.D. 

AStutJratiittt  XVI.  I.  By.  tht  Equable  Evolution  of  a  Circle,  I  mean  fuch  a  gradual 
'ttc"Jt!jt"'Approich  of  its  Periphery  to  Reftitude,  as  that  all  its  Parts  dp  together,  and 
jcrA'dhyinE-  eoiiafly,  evolve  or  unbend }  or  ib  that  the  lame  Line  becomes  Aiccefllvely  » 
5;'*!'.!!"f''!?iefsand  \ei&  Arc  of  a  reciprocally  greater  Circle. 

K.  260./.  445* 

^'"yj^ii!"^*  2 .  Let  A  H  K  A  be  the  Periphery  of  a  Circle,  A  E  a  Tangent  to  the  Point 
A.  Let  this  circular  Line  be  fuppofed  cut  or  divided  at  A,  and  then  to  unbend 
(iijfie  a  Sprifig,)  its  upper  End  remaining  fixed  to  ks  Tangent  A  £,  whilftthe 
other  Parts  do  equally  evolve  or  extend  themfclves  through  all  the  Degrees  of 
lefs  Curvature  (as  in  ABD,  A  M  C,  ^c.)  till  they  become  ftreight  in  Coini- 
cidence  with  the  Tangent  AE. 

3.  Let  A  M  C  be  the  evolving  Curve  in  any  middle  Poficion  between  its 
firft  and  laft.  Join  the  fix'd  End  A,  and  the  moving  End  C,  by  the  Chord- 
line  A  C,  interfering  the  firft  Circle  at  H ;  I  fay,  that  A  M  C  is  a  hke 
Segment  to  A  «  H,  cut  off  in  the  firft  Circle  by  the  Chord  A  H :  For,  by  the 
-SUppfofitioR,  AMC  is  the  Arc  of  a  Circle,  having  AE  a  Tangent  c^m- 
f»on  bod)  ^e4t-and  A  »  H ;  and  both  Arcs  are  terminated  in  the  fame  Right* 
Line  AC.. 

4.  Hentethe  Curve  AD  C  E  (defcribcd  by  tht  moving  End  of  the  Peri- 
phery in  its  Evolution)  may  be  thus  conftruded  :  Let  the  Circle  A  HX  A 
be  by  Bifeftiona  divided  into  any  number  of  equal  Parts ;  letH  be  one. of  the 
Points  of  fuch  Divifion :  Then  fay,  As  the  Number  of  equal  Parts  in  the  Arc 

■       Ar/fTtl,  is  to  tk^  Number  of  Parts  in  the  whole  Periphery  A  H  JC  A  ;  fo  is  the 
Chord  A H^  to  a  fouTth  Line,  which  let  be  A C  in  AH  produced.    So  is  C 
",  a  l^oint  in  the  Curve  A  D  C  £• 

5.  JDm.  Upon  AC  d^Pibe  AMC,  ah  Ate  like  to  the  Arc  AnH. 
Whence  AH:  AC::  A«H:  AMC.  But  by  Conftruftion,  AH:  AC:: 
A  « H :  Pari|5h,  A H K A ;  thtsrefore  is  -the  Arc  AMC  'equal  to  the  whole 
Peripbery  A  H  JC  A,  Jirtd  like  lo  the  Arc  A  ji  H :  Gojrfcquemly  A  M  C  rc- 
prefents  the  evolving  Periphery,  in  a  Pofition  like  to  the  Arc  A  »  H,  and 
•C  is  Aedeftribing  Pdnc 

.  36.  After  the  lame  marmer  may  be  found  other  Points,  thrci'  which  the 
Curve  noay  (be  iirawn  :  Qut  here  (as  in  the  old  ^adrairkc  of  Din^Jhnim)  the 
J'oint  £  caimm  be  >preclfely  determined ;  but  the  Curve  may  be  brought  ib 
,ftear  it,  that  its  Ekature  tor  Tendency  wiH  fe  lead  to  the  Point  E^  that  A  £ 
ifaailrbe^iieair  eoctu^  to  «be  'S^ruth  for  cotnmon  Ufes. 
n  41I;  Sdp^Jofing  the  JBoim:  £  :found,  a  Tanjgent  to  atiy  Point  of  the  Curve 
tBihjt  be  iqiriwn ;  and  fJappolCiiig^  Ta0»nt  dfiwn,  the  FDifit  OE  may  be  deeer- 
rminedv  dhcjFr«){)Qrt)^  of  ihie  Tangmtrmifigcihis^  that  fiif^pc^R  T  aTan- 
•»'    •  I  -  ^  gent 


f  <JI ) 

Mt  to  the  Point  C«  and  C  A,  C  E,  drawn  from  €  fio  each  End  of  the  ftfti- 
Jy  Circle,  the  Angte  ACT  (the  leffer  Angle  that  AC  makes  with  the* 
Tasgent)  is  equal  to  ACE,  the  Angle  made  bf  the  tvfo  Lines  drawn 
ftotn  C. 

8.  Let  ^  be  a  Potnt  in  the  Quadratrix  indefinitely^  near  to  C ;  and  draw  Ac 
ioterfeding  A  H IC  A  in  i&,  and  A  M  C  in  ^.  To  A  r  as  a  Chqrd*  draw  the 
AxcAmcj  like  unto  the  Arc  Anb:  To  the  Point C  of  the  Arc  A M  C 
draw  the  Tang^iit  C  L  s  A  £,  and  join  L  A  $  ib  is  ^  C  an  indefinitely  lit- 
de  Particle  of  the  Arc  coincident  with  its  Tangent. 

9.  Becaufe  of  the  like  Segments  A  nbA^  AM^A,  AmcA^^  Chord 
kc  to  Chord  A^,  fo  is,  Arc  Ai»r(=:  AMC)  to  Arc  Avtaz  Or,  Aci 
Atf::A»^(=3AMC):AM^;  and  dividing,  Ac  —  A^(=^^):A^:: 
A»ir  — AM^(a=Ctf) :  AM^:  That  \b^c o:Ko  :iCoiAMo\  and  al- 
temaieJf,  r*  :  C^  ::  A^:  A  M^.  Put  AC  for  A0,  and  AMC  for  AM^ 
(as  difiering  infinitely  little)  ?nd  then  ^cis  r^ :  C  ^  : :  A  C :  A  M  C.  Bot  by 
Cfe5fr:i^«?»CL==AE5=:AMC,  whence  ri7:C^  ::  AC: CL;  and  the 
Angle  L  C  A  ST  C  ^  r,  {oe  being  infinitely  near  to  A  C,  is  therefore  parallel 
to  it;)  and  therefore  Coc^  ACL,  are  iike  Triangles. 

10.  Becaufe  of  CLcrAE,  Angle  E  AC  =  LC4.,  (CLandEA  be- 
ing Tangents  toche  two  ends  of  the  fame  Circular  Arc  A  M  C,  make  equal  • 
Angles  with  its  Chord  A  C)  and  A  C  common  to  both,  the  Triangles  £  A  C, 
and  A  C  L,  are  iike  and  equal:  therefore  are  all.  three  C^  r,  A  C  L,  E  AC,  • 
like  Triangles.  Whence  it  follows,  That  the  Angle  A  C  E  (in  the  Triangle 
E  A  C)  is  equal  to  the  Angle  0  c  C<in  the  Triangle  ^^  C)  but  ^  ^-  C  =  A  C  T, 
becaufe  oc  ^xA  A  C  are  parallel ;  therefore  the  Angle  A  C  £  j=:  A  C  T. 

XVH.  In  a  certain  EplfMe  of  mine,  in  Vd.  3.  of  my  MaAematical  Worl»,J?;  J^^J 
^mong  other  Methods  for  Quadratures  are  to  be  found  thefe  two.  One  XuiXcynndtrev^' 
the  Method  of  Convolution  and  Evolution,  the  other  the  Method  of  Com-^^',fj^/^- 
plication  and  Explication.     By  Help  of  thefe  I  (hew,  which  is  the  £mpleft^  547!  An. 
Manner  of  cneaiiiring  all  Curve  Figures,  and  particularly  the  Cycloid.  '^®°' 

By  a  like  Artifice  may  b^  ^ewn  how  to  compare  the  Sphere  and  Cylin- 
der,  vi^ich  j1r€hmed$5  thought  fit  to  chiife  for  his  Moinument. 

If  u>  the  Bafis  P,  equal  to  che  Circumference  of  a  Circle,  a  Height  R  be   Fi^.45, 
•affiuned  oqua»l  t<>  Radius,  thepe  will  -be  made  a  Re£);angu}ar  Parallelogram  =r 
r  ?,     This  may  be  conceived  as  oompofed  of  an  infinite  Number^f  fmall 
]    alielogranfis,  of  the  fanoe  Height,  according  to  the  received  Method  of 
1   iivifibks. 

ilow  if -the  Vertices  rfttll  thefe  are  conceived  to  be  contraiSed  into  one  r^,^ 
]    nt,  io   that  of  thole  minute  Parallelograms  as  many  Triangles  tnay  be 
I     .e,  having  the  fame  fialis  and  an  equal  Height ;  eadi  will  foe  half  of  each 
€    he  others,  and  therefore  all  of  all  \  and  the  Bafe^ng  bent  intothe  Cir- 

<  ilerence  dfa  Circle,  a  Circle  will  be  made  whofe  Radius  is'R  and  Ceiucr 

<  iriucti  cherefore  is  ^f  the  Parallelograms  <^  ^  R  P« 

Tius 


I6i) 

This  Is  Arcbimedes^t  Dimenfion  of  a  Circle,  ifrhich  is  equal  therefore  to  a 
Right-angled  Triangle,  one  of  whofc  Sides  about  the  Right  Angle  is  ^ual 
to  the  Periphery,  and  the  other  to  the  Radius  of  the  propofed  Circle.  For 
i  R,  or  half  the  Altitude  of  the  Triangle,  drawn  into  P  the  Bafe,  exhibit* 
the  Magnitude  of  that  Triangle  y  R  P,  which  is  equal  to  the  Circle.  And 
the  fame  may  be  accommodated,  to  the  Circular  Sedtor,  taking  the  Arch  A 
inftead  of  the  Periphery  P.  ' 
Fig.  47.  Again,  if  to  that  Parallel(^ram  =  R  P,  as  a  Bafej  be  taken  in  like  man* 

ner  an  Altitude  R,  in  order  to  a  Hemifphere ;  there  will  be  made  a  Paral- 
lelepiped =  RR  P.  This  in  the  fame  manner  may  be  conceived  as  com- 
pofed  of  an  infinite  Number  of  fmall  Parallelepipeds  of  the  fame  Height,  irtr 
fifting  upon  the  minute  Areas  of  that  Plain  v  of  aH  which  the  common  Alti- 
tude is  R,  and  the  Aggregate  of  Bafes  =  R  P.  Now  if.  this  Parallelogram, 
the  Magnitude  R  P  continuing,  be  fuppofed  to  be  bent  into  a  Cylindriol 
Surface  (whofe  Bafe  P  is  now  bent  into  the  Periphery  of  a  Circle,  and  whofe 
Altitude  is  R)  that  thofe  minute  Parallelepipeds  may  be  changed  into  £> 
many  Wedges,  or  Prifms  with  Triangular  Bafes,  each  of  which  are  half 
their  refpeftive  Parallelepipeds,  and  therefore  all  are  half  of  all ;  having  for 
their  Vertices  fo  many  Points  C,  or  minute  Lines,  in  the  Axis  of  the  Cylin- 
•  der,  and  thus  filling  it  up  ;  the  Cylinder  will  become  half  the  Parallelepiped^ 
orjRRP.  » 

Or  in  order  to  come  at  the  intire  Sphere,  if  on  each  Side  is  taken  the  Al- 
titude R,  fo  that  the  whole  Altitude  may  be  D  =  2  R,  and  if  a  Convolution 
foe  made  in  like  manner,  a  Cylinder  will  be  produced  as  before,  confiding  of 
Wedges  or  Prifms  infinite  in  Number,  having  their  Points  or  Vertices  in  the 
Axis  of  the  Cylinder,  which  will  be  equal  toRRP  =  iRPx2R,  equal 
to  the  Produft  of  ^  R  P,  or  the  Circular  Bafe,  into  the  Altitude  2  R :  Or 
which  is  the  fame  Thing,  it  will  be  equali  R  x  2  R  P,  or  equal  to  the  Pro- 
dud  of  I  R,  the  half  of  the  common  Altitude  of  the  Wedges,  into  the  A^ 
gregate  of  the  Bafes  2  R  P. 

Which  Aggregate  erf  the  Bafes  is  the  curved  Cylindric  Superficies  itfelf, 
which  is  equal  to  P  x  2  R,  or  to  the  Produft  of  P  the  Periphery  of  the  Cir- 
cular Bafe  drawn  into  the  Altitude  2  R,  or  equal  to  ^  R  P  x  4,  four  of  the 
great  Circles  of  the  Sphere.  To  which  if  we  add  the  two  oppofite  Circular 
Bafes,  there  will  be  made  the  whole  Superficies  of  the  Cylinder  circumicribed 
to  the  Sphere,  equal  to  fix  great  Circles,  l^RPx6=:3RP.  And  the  Mag- 
nitude of  the  Cylinder,  =:RRP=:i.PPx2R,  equal  to  the  Produft  of  the 
Circular  Bafe  1 R  P  drawn  into  the  Altitude  2  R,  as  before. 

Now  if  the  Vertices  of  all  thefe  Wedges  that  conftitute  the  Axis  of  the 
Cylinder,  are  conceived  to  be  contracted  into  one  Point,  fo  that  thefe 
Wedges  or  Prifms  may  now  become  fo  many  Pyramids,  being  on  the  fantie 
Bafes  and  the  fame  Height ;  each  will  be  of  each,  and  therefore  all  of  all,  in 
a  Proportion  fubfefqui  tertial  or  as  ^  to  4. ;  and  the  Superficies  which  before 
was  curved  Cylindrical,  will  now  become  Spherical  becaufe  of  all  its  Points 
being  equally  remote  from  the  Center,  the  Aggregate  of  the  Bafes  remaining 
as  before  =s  2  R  P,  or  equal  to  four  great  Circles  \  we  (hall  then  have  the 

whole 


nhole  Superficici  of 'the  Sphere  ;=2RP  =  iRPx4=:  four  great  Circles  t 
iDd  equal  to  the  jjvhole  curved  CyHrrdrick  Surface,  and  thiq  Parts  refpedlivcly 
tqual  to  the  Paris  that  belong  to  the  fame  Parts  of  the  Axi^ ;  alfo  the  Mag- 
nitude of  the  Sphere  ^RRP  =  ^IiiPxiR,  equal  to  the  ProduA  off  R, 
a  third  Part  of  the  comrnon  Altitude  of  all  the  Prifms,  drawn  into  2  R  P  the 
Aggregate  of  the  Bafes^  which  i3  now  become  the  Spherical  Surface. 

Therefore  both  the  Superficies  and  Magnitude  of  the  Cylinder  circum- 
fcribed  to  the  ^hbre,  is  fefqui-i^l{er  to.  the  Superficies  and  'Magnitude  of  the 
infaibcd  Sphere,  or  as  3  to  2  :  There  becaufe  the  Proportion  is « as. fix  great 
Circles  =  3  P  P  to  four  great  Circles' :=s  2  R  P ;.  here  becaqfc  the  Proportion 
isasRRPtofRRP:  Which  k  the  very  Invention  of  Arcbimdes.iomyxQ)x 
celebrated. 

The  fame  would  be  had  a  little  (horter,  if  in  the  Parallelepiped  upon  the 
plain  Bafe  2  R  P  of  the  Altitude  R,  compofcd  of  minute  Parallelepipeds,  all 
their  Vertices  were  immediately  Juppofed  to  be  contrafted  into  one  Point  C: 
That  the  Aggregate  of  the  Safes  continuing  as  before  =  2  R  P,  thofe  Pa- 
jalielepipeds  may  be  reduced  to  fo  many  Pyramids,  having  their  Vertices 
meeting  at  the  Center  of  the  Sphere,  whofe  Radius  R  is  the  common  Alti- 
tude of  all  the  Pyramids,  and  the  Spherical  Superficies  is  the  Aggregate  of 
all  the  Bafcs.  For -f  R,  a  third  Part  of  the  common  Altitude,  drawn  into 
2  R  P  the  Aggre^te  of  the  Bafes^  exhibits  as  before  the  Magnitude  of  the 
Sphere  -f  R  R  P,  and  the  Surface  of  the  Sphere  =  2  R  P. 

In  like  manner  this  may  be  accommodated  to  the  Spherical  Sedor,  by 
drawing  4-  R*  a  third  Part  of  the  common  Altitude  of  all  the  Pyramids  in  it, 
into  a  Portion  of  the  Spherical  Surface  cut  off  by  a  Plain  :  Which  is  to  the 
whole  Spherical  Surface,  as  the  Part  cut  off  of  the  Diameter  or  Axis  is  to 
the  whole  Diameter^  as  was  fhpwn  above* 

Now  the  Reafon  of  this  whole  Procefs  depends  on  thefe  Principles.  That 
a  Figore  compofed  of  Triangles  is  half  the  Figure  compofcd  of  Parallelo- 
grams, upon  the  fame  Baies  and  of  equal  Height.  That  I  call  a  Convolute 
Figure,  and  this  an  Evolute.  And  that  a  Figure  of  Pyramids  is  a  third 
Part  of  a  Figure  of  Parallelepipeds,  on  the  fame  Bafes  and  equal  Height. 
That  I  call  a  Complicate  Figure,  and  this  an  Explicate.  Thefe  Principles 
may  be  accommodated  in  a  thoufand  Manners  to  Curvilinear  Figures^  whe- 
ther Superficial  or  Solid,  however  perplexed  and  intricate. 

XVIII/i.  It  hath  been  obferved  by  divers  of  this  Nation,  that  in  zr\y  imprt^mimt  im 
.*^mation,    howft)cver  affedled,   if  you  give  a  Root,    and  find  the  abiblute|"j|J;,"^'^'^' 
i    .mber  or  Relblv^nd,  (which  VietaoaXh  Hofnogeruutn  Comparaiionh  \)  and  %«*"•«;• 
i    in  give  Roofe  and  find  more  Refolvends ;  tlwt  if  thefe  Roots*  or  rather j^^ST/ii.^^* 
]     ik  of  Roots,  be  afliimed  in  Arithmetical  ProgreiTion,  the  Refolvends,  a6N-46'^9^* 
\     heir  firfl,  fecond,  or  third  Differences,  fcfr.  imitate  the  Laws  of  the  pure^^'  ^^'  '^^^ 
]     rers  of  an  Arithmetical  Progreffion,  of  the  fame  .Degree,  that  the  highefb 
J    K^er,  or  firft  Term  of  the  Equation  is  of.  E. g.  Jn  this  Equation  aaum^ 
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'IW  wrt,  the  ^d  DHRrcnces  of  thofc  Abfolutes  a*c  cqpfd,  a$  in  the  GabA 
bfah  Arithmetic^  Prt^ttQioh. 

2.  To  find  what  HabittKle  the*  DtSi^ettOes  have  to  Ac  Coeficicnt  of  thd 
Equatteh,  -^s  beft  to  fccgin  Tf6*n  an  Unit. 

3.  In  any  Arithmetical .  Progrcflion,  if  you  multiply  Numbers  by  Fsain^ 
you  (hall  create  a  R^k  of  Numbers  #hofe  fecoiid  Difel-ewccs  »re  equal ;  ^nd 
if  by  TetTi^ries,  then  the  third  Diflferetioes  of  thofe  ProduAs  fliall  be  equal. 
And  how  to  find  the  greateft  Produft  of  an  Arithnfie'fical  ProgreflSon  6f  any 
Number  of  Terms  having  any  comthon  Difference  aflTigned,  coniained  in  any 
Number  projiofed,  is  (hewed  by  Pafc^l  in  hisTtoft  Du  triangle  Arisifmeii^fUG^ 
Vhere  he  applies  it  to  the  Extrafti<!m  of  the  Roo^s  of  Simipic  Powew. 

4.  It  appears,  how  this  Rank  may  be  carried  eafily  by  Addition^  till  yoa 
have  a  Rdbhrend  ekher  equal  br  greater  or  lels  than  that  propofed. 

5.  When  you  have  a  Majus  and  Minus ^  yog  may  interpole  as  many  rtiore 
Terms  in  the  Arithmetical  Progreflion  as  yeu  will,  that  is  to  fay.  Subdivide 
the  common  Difference  in  the  Arhhmetical  ProgreSlon^  and  render  it  lefs  i 
ahd  then  renew,  and  find  the  Refolvends,  XV'hidi  jure  eafily  obtained  out  of 
the  Powers  and  their  Coefficients,  ^hich  are  fuppofed  known,  and  may  lae 
Veadily  raifcd  from  a  TaWe  of  Squares  and  Cubes,  &?f ,  with  which  kind  the 
Reader  may  be  furnilhed  in  GuilJiniCmtrobaryca^miA  Babington^s  Firiwarh. 
^  this  means  you  may  obtain  divers  Figures  of  the  Root ;  and  then  the  Ge- 
neral Method  of  Vietazridi  Harriot  runs  aWay  more  eafily,  ahd  is  fo  far  im- 
proved, that  after  any  Figure  is  placed  in  the  Root,  moft  certain  Chara&ers 
are  given  to  know,  by  Aid  of  the  fubfequent  Dividend  and  Divifor,  whether 
the  Figure  before  aflhmed  be  too  great  or  too  fmall :  Or,  laftly,  it  may 
be  Well  concluded,  that  as  in  Logarithms,  when  you  propofe  fuch  an  one  as 
is  not  abibl'utely  given  in  the  Canon,  you  do,  by  proportional  Work,  ufing 
the  Aid  of  their  firft  DiflFerences  (when  their  abfolute  Numbers  differ  by 
Unfte)  find  the  abfolute  Numbers  true  to  5  or  6  Places  farther  than  the  Ca- 
non gives  it  (the  Reafbn  whereof  is,  that  the  firft  Differences  do  likewife 
agree  to  about  the  fame  Number  of  Places);  that,  I  fay,  the  like  may  be 
done  in  Equations,  after  divers  of  the  firft  Figures  of  the  Roots  are  found, 
provided  there  be  the  like  Agi-eement  in  thefirft  Difibrences  of  the  Inter- 
poled  RefoJvends. 

Moreover,  we  ought  here  to  take  notice  of  a  more  fubtilekind  of  Interpo- 
lation, common  to  all  Gradual  Ranks  or  ProgrefEons  df  Numbers,  whereia 
Differences  happen  to  be  equal :  Of  which  kind  the  Reader  may  find  Exam- 
ples in  Briggii  Arithmetica  Logaritbmica^  fc?  Trigonometria  Britanma^  re- 
lating to  Logarithms,  Sines,  and  the  Powers  of  an  Arithmetical  Progreflion  : 

but 
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But  ite  Method  there  delivered  may  be  rendered  more"eafy  and  general, 
viz.  by  Aid  of  a  Table  of  Figurate  Numbers,  by  deriving  Generating  Differ- 
ences fought  from  thofe  given ;  a  Doftrine  that  eafily  flows  from  Mercaior^s 
LGgarithmoiecbnia^  and  of  ufe  in  the  Cafe  in  hand,  fhould  we  fuppofe  thefe 
Powers  and  their  CoefRcients  unknown,  or  a  Table  of  Squares  and  Cubes 
wanting,  and  give  nothing  more  than  a  few  Rcfolvcnds  belonging  to  equal 
Moments  or  Spaces.  And  this  may  likewife  be  of  good  Ufe  in  Gauging^ 
when  having  the  Contents  of  a  Solid,  for  every  three  Inches  more  or.  lefs  gi- 
ven, without  knowing  theDimenfions  of  the  Figure,  and  even  in  moft  Cafes, 
when  the  Diflferences  are  progreffive  of  one  Kind,  without  knowing  the 
Figure  itfelf,  having  nothing  given  but  its  Contents  at  feveral  equal  parallel 
Diftances,  each  fuch  Diftance  may  be  fub- divided,  and  made  as  many  as  you 
pleafe,  and  the  rcfpedive  Contents  found  by  this  general  Metliod  of  Inter- 
polation. .  :  ,     : 

After  one  Root  is  obtained,  the  Methods  of  Huddenius  and  others  will  dc- 
prcft  the  Equation  lb  as  to  obtain  more,  and  confequently  all  of  thcm- 

6.  It  is  eafy  by  a  Table  of  Figurate  Numbers  to  give  the  Sum  of  any 
fuchRank,  or  any  Term  in  it  relating  to  a  known  Parr  of  the  Series;  of  E- 
quals  or  Roots ;  but  e  converfo^  giving  the  Refolvend  to  find  the  Root,  comes 
to  an  Equation  as  difficult  as  that  propofed  ;  as  in  Dr.  ^^//ii's  Chapter  of 
Figurate  Numbers. 

7.  Some  affirm,  they  can  give  good  Approaches  for  the  obtaining  a  Root 
of  any  pure  Power,  affeded  Equation,  or  for  the  finding  any  of  the  mean 
Proportionals  in  any  Rank  between  the  two  Extremes  given. 

8-  Others  pretend  to  have  found  out  the  Method  (incited  thereto  by  an 
ExampJe  in  Albert  Gerard^s  Invention  Nouvelle  en  Algebre^  i  Amfierdam 
1629)  /b  much,  by  comparing  of  Equations,  to  increafe  or  diminifh  the 
unknown  Root  of  an  Equation,  as  to  render  it  a  whote  Number  (or  lefs  differing 
therefrom  than  any  Error  affigned)  and  by  Albert  Gerard's  Method  of  Alii- 
quot  Parts  to  find  the  fame,  and  thereby  the  Root  fought,  altho'  it  be  a 
mixt  Number,  Fraftion,  or  Surd.  ' 

Probably  this  may  fympathize  with  what  is  promifed  by  the  learned  Hud- 
denim  in  Annexis  Geometric  Cartefianx^  where  he  faith  he  intended  not  then 
to  publifh  certain  Rules  he  had  ready;  whereof  one  was  to  find  out  all  the 
Irrational  Roots  both  of  Literal  and  Numeral  Equations :  This  muft  be  un- 
dcrftood,  when  .fbch  Roots  are  poflible ;  for  "tis  certain  there  are  Infinite 
Equations, .  whofe  Roots  are  no  ways  explicable,  either  in  Whole  or  Mixed 
I  umbers,  Fradtioris  or  Surds,  and  can  be  no  otherwife  explained,  but  by  a 
i    mproxime. 

9.  The  Authur  of.  this  Narrative  confidering  that  the  Conic  Sections  may  ihid.p.f^^i. 
\  :  projected  from  lefldr  Circles  placed  on  the  Sphere,  and  thence  eafily  (ocher- 
.1  ife  than  hitherto  hath  been  handled)  dcfcribcd  by  Points,  and  that  by  their 
1  itcrfcdtions^  fome  Spherick  Problem  is  determined  j   accordingly,  he  found 
I  at  this  following  Problem,  according  to  the  various  Situation  of  the  Eye,    • 
a  d  of  the  projefting  Plan,  would  take  in  lali  Cafes, 
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fbt  Di/tances  ef  an  unknown  Star  art  giveH  frm  two  Slitrs  of  inown  Decli^ 
nation  and  Right  Afctnfion  \  the  Declination  and  Right  Afcmfion  of  tho  un^ 
known  Star  is  required. 

And  faith.  He  hath  obfcrved,  that,  admitting  the  Mcchanifin  of  divi- 
ding the  Periphery  of  a  Circle  into  any  Number  of  equal  Parts,  or  (which 
is  equivalent)  the  Ufe  of  a  Line  of  Chords,  that  this  Problem,  wherever  the 
Eye  be  placed,  may  be  rcfolved  by  plain  Geometry^  and  yet  the  Eye  fliail  be 
ft)  placed,  as  to  determine  it  by  the  Interfedtion  of  the  Conic  Se&ions ;  con^ 
fequendy  tfaofe  Points  of  Interfe£tion  (the  Species  and  Pofition  of  the  Figures 
being  given)  may  be  found  without  dcfcribing  any  more  Points  than  thofe 
fought  -,  and  die  Lengths  and  Ordinates  falling  from  thence  on  the  Axes  of 
either  Figure  calculated  by  Mixed  Trigonometry^  and  hence  likewife  the  Roots 
of  all  CMck  and  Biquadratic  Equations  found  by  Trigonometry. 

For  giving,  from  the  MejoUhe  of  Slu/tus^  the  Scheme  that  finds  thefe 
Roots,  it  will  then  be  required  to  fit  thofe  Seftions  into  Cones,  which  have 
their  Vertex  either  in  the  Center,  or  an  afligned  Point  in  the  Surfiice  of  the 
Sphere,  to  which  they  relate  as  projcftcd,  and  proceed  to  the  Rcfolution  of 
the  Problem  propofed ;  and  how  to  fit  in  thofe  Se6bions,  fee  the  feven  Booh 
of  Jpollonius^  Mydorgius^  the  3d  Volume  of  Des  Cartes^  Letters,  Uotaudi 
Ceometria  PraSica^  Anderfonii  Exercitat.  Geometric^. 

As  to  the  Problem  itfelf,  it  is  determined  on  the  Sphere  by  the  fnter* 
fciSlions;  of  the  two  lefler  Circles  of  Diftance,  whofc  Poles  arc  the  known 
Stars.    And  this  Problem  hath  divers  Gcometrick  Ways  of  Rcfolution. 

1.  By  plain  Geometry  (in  the  Scnfe  before  mentioned) :  Suppofing  a  Plain 
to  touch  the  Sphere  or  the  North  Pole ;  if  the  Eye  beat  the  South  Pole,  pro- 
jc&ing  thofe  Circles  into  the  laid  Plane,  they  are  ftill  Circles  (by  reaibn  of 
the  fub-contrary  Scftions  of  the  vifual  Cones)  whole  Centers  fall  in  the  Sides 
of  the  Right- lined  Angle,  nwde  by  the  projeAed  Meridians,  that  pafs  thro* 
the  known.  Stars  (  and  thus  the  Problem  is  eafily  ftrfved  in  this  Manner. 

2.  If  it  be  required  to  be  performed  by  Conic  Geometry  -,  In  one  Cafe  it 
may  be  done,  by  placing  the  Eye  at  the  Center  of  the  Sphere,  and  projefting 
as  before  •,  to  wir,  when  the  longer  Axes  of  the  Figures  being  produced, 
concur  above  the  Vertex :  Here  the  Problem  is  determined  by  the  Inter- 
feftiofis  of  two  Conic  Seftions  ("whereof  a  Circle  cannot  be  one,  unlefs  its 
Center  be  in  the  Axis  of  the  other  Figure) :  And  in  this  fccond  Cafe,  thefe 
Points  of  Interfedion  fall  in  the  fame  Right  Line  or  projcfted  Meridian  they 
did  before,  but  at  a  more  remote  Diftance  from  the  Pole  Point,  to  wit,  ini 
the  former  Suppofition  the  Polar  Diftance  was  meafured  by  a  Right  Line» 
that  was  the  double  Tangent  of  half  the  Arch  5  here  it  is  the  Tangent  of  the 
whole  Arch,  Hence  it  is  evident  how  one  Projeftion  may  beget  another, 
yea,  infinite  others,  altering  the  Scale,  and  how  the  lefl^  Circlesin  the  Ste^- 
reographick  Projcdion  help  to  defcribe  the  Conic  Sections  in  the  Gnomonick 

.  Proje<ftion  :  But  (to  reduce  the  Matter  to  the  common  Radius)  if  wc  fuppofe 
two  Spheres  equal,  and  fo  placed  about  the  fame  Axis,  that  the  Pole  Pobt 
of  the  one  fliali  pafs  thro*  the  Center  of  the  other,  and  the  Touch-Plain  to 
\  ais  thro'  the  faid  Center  or  Pole  Point  \  and  that  a  IsSSa  Circle  hath  tlie 
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iinnrPQfidDff  in  the dbe .a$  in  the  other:  theD»  ifthcEjrc  be  At  t4)e  South 
B)Ie  d€  the  one,  it  Isi  ^  the  Center: erf. the  others  and  wy  prpj^^cj  Meridian 
drawn  from  the  projefted  Pole  Point  to  pafs  thro*  both  the  Projedlions  qf 
Clieferleflbr  Ciitks^  the  Dtftances  of  the  Points  pf  Ipterfefciqn  are  th?  Tan- 
gfmts  cyf  die  haif  and  the  i?^hoIe  Arch  of  the  Meridian  fo  interfeftedv  But  as 
ID  the. Points  gf  Intqrfe£Uon,  whidn  detenninc  the  PrQblqm  proppfod,  th^y 
oaay  be  found  without  the  Aid  of  the  former  Way»  from  ^  Gnom^nick  and 
SiamgrsfU^kMethaod  of  njea&rmg  and  fctting  je^ff*  tfep  Sides  and  Angles  of 

;        Spherical  Triangles  in  thofe  Projeftions,  which. is  ncceffary  in  what  follow^. 

[  •  3;  If  the  Probt^  is  to  be  performed  by  mi»ed;Q;ioflacfry,,  ?is  by  a  Circk, 
and  either  a  Parabdl^^  Hyperbola^  or  Ellipfis^  .the  €Srqk  may  be  conceived 
to  be  the  fubcontmry  ^  Sedion  of  a  Cone  projected  by  the  Eye  at  the  South 
PioJe*  and  any  of  chd  reft  of  the  Sedtions  by  the :  Eye.  at  the .  Cqitcr  of  tb^ 
Sphere.  •        .  -:   ^ :  :'    ■   - 

4..  Jf  by  any  of  the  Com'ck  Seftions  hpwever  pofited,  the  prqjc6J;ipg  Plan? 
in^^  remain  thei&nc:;  bpttheEye  muft  be  iafome  other  Par{  ofthe  Svrr 
fioe  of  the  Sphere,  and  not  in  the  Axis. 

XIX.  I,  TixeJCobftru£lioa  delivered  by  Des  Cartes^  which  eg%  finds  thqrbi  Canftruaien 
Roots  of  all  Cubic  and  Biquadratic  Equations,  wherein  the  fecond  Tprm.  «y{f^jrtl"'^ 
vantingt   I  mgriiam*  fuppjfe  as.  known  r  Yet  fioce  the  foUowiog  dependsf«4//w,^^p^- 
upon  it,  I  fhall  heie  fubjoin  the  Rule  taken  from  hia  Geometry,  changing  vi^'^Mr^'!'' 
few  Thing;i(a8.i  hope) .for  the. bettci".  ..  -  Haiicy.N.  lis. 

When  the  lecohd  Term  is.  wanting,  ail  Cubic  Equations  may  be  reduced    V^^s* 
to  this  Form,  z^  ^»ap:c':aaq:;x  o.  JVnd  all  Biquadratics  fio  thi9».  a;  f  *  4  j^  i' ; 
aafz:a^rz=:o.     Where  a  denotes  the  latus  reffum  of  any  given  Parabola, 
wh^  may  be  ded  in  the  Gofiftrudtion.;- or  making:a:=i  i,.  theJEquatipns 
will  be  2' *^2; :  J  =?  o,  and  «*  *p  J2* :  J z :  r  =  o. 

Now  the  ParaBoIi  F  A  G  being  given,*  whole  Axis.  i$  A  C  D  £  fc,  and  its 
laius  reSum  a  or  Unity,  let  A  C  be  its  half,  and^  let  it  always  be  placed  from 
the  Vertex  A  within  the  Figwe,  ^  Then  taJce  C  p«e  J/,  in  tlie  Line  A  C 
continued  towards  C,  if  in  the  Equation  it  is  —p,   or  the  oclier  Way  if  it 
ihall  be  +^.     Then  fronib  the  Point-  D,  or  from,  C  if/  =io,  'the  Perpen- 
dicular to  the  Axis  D  E  =  i  f  is  to  fee  raifed,  to'  the  Right  Hand  if  it  ftiall 
be  —  J,  but  on  the  other  Side  of  thb  Axis  if  it  fliall  be «-{-  q.     Then  a  Cir- 
cle defcribed  with  Center  E,  and  Radius  A  E,  if  the  Equation'^b'e  only  Cu- 
.,  will  cut  the  P<iraboIa  in  fo.  many  Points  F  and  G,  as  it  has  true  Roots, 
which  the  Affirmative,  as  GK,jwiIl  be  to  tfie"  Right  Side  ot  the  Axis, 
d  the  Negative,  as  F  L,  will  be  on  tl^e  Left  Side, 
But  if  the  Equation  is  Biquadratic^  the  Radius  of  the  Circle  A  E  m^uft  be 
icreafcd  or  dimin^lH^d;  by  adi^ing  if  it.  is  —  r,  or  fubtracting  if  it  is-j-r, 
e  Redangle  ar  from  its  Square,  or  the  Plain  contained  by  the  latus  rebum 
d  thfe  giv^n  Quantity  r  ;  which  is  eafily  doneGeonierricaiiy.,    Nowr-the 
lerle^^ons  of  this  Circle  with  the  Parabola  will  exhibit  all  the  true  Roots 
<     th«  %<|M^4fiC  Eqi^acioi),^  by-  letting  h\i  Perpsadiculars  to  the  Axis; 
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the  Affirmatives  to  the  Right  Side  of  the  Axis,  anddiis  Negatives  to  .ijie 
Left  Side.  But  I  leave  to  Des  Cartes^  its  Inventor,  the  Dernqnttraiion*  of  the 
whole.  "  1 ..  :\  -jr  •:  •    '   'i     :  r:7.' 

Here  it  is  to  be  obferved,  that  I  endeavour  always  tchj^ve  the  Affirmative 
Roots  on  the  Right  Side  of  the  Axis,  to  avoid  that  Gonftifldn  that  .viiime- 
ceflarily  arife,  from  a  Multitude  of  Cautions  and  EiDdcpttdns,  the  Reafonof 
which  would  by  no  means  be  evident. 

Thefe  Things  being  premifed,  that  we  may  come  to^theConflruiStion  of 
fuch  Equations  alfo,  where  the  fecond  Term  i^  prefent ;  the  Rule  for  takiqg 
away  the  fecond  Term  muft  be  confidered,  and  for  reducing  the  Equation  to 
another,  which  may  be  conftru^d  by.  fhe  foregobg;  Method.  Now^  all 
the  Cubic  Equations  of  tbitf  Clafs  may  be  reduced  to  this  Form,  z^ :  iz*  • 
apz:  a*  q  ^zz  o,  of  to  this,  z^  :  ^  2*  :  *  a^  Jj=  o.  , .  Afad  .the.  Biquadraticks 
to  this  z^  :  iz^  :  ap  z*  :  a*  qz:  a^  r  =  o^  or  to  this  z^  :  l^z^  :  ^  :  a*  qz: 
«'  r  =;  o,  or  to  this,  z+ :  ^  zM  tf  ^  2»  :  ^  :  <a'  r  xs  o,  or  laftly  to  this,  jt*  : 
^  «':•:•:  4a'  r  =x  O-  Out  of  allthcfc;  as;  they  may  be  difFoently  osm 
,  neftcd  by  the  Signs  -{-  and  — ,  therfi  arifes  a . vad  Variety.  Whence. a  ^c» 
neral  Rule  comprehending  them  all  muft  needs  be  very  difficult  and  obfcui^, 
unlefe  it  be  treated  in  the  toilowing  Manner,  and!  ib  delivered  from  its  Per* 
plexities.  /     ;  .     .'  j 

In  Biquadratics  the  fecond  Term  is  taken  away,  by  making  x  =  z-f-;^  i, 
if  it  be  4-  ^  in  the  Equation  ^  or  x  sr  z  —  ^  *,  if  it  be  -*^  ^  Hence  in  ttic 
firft  Cafe  x  —  ^  ^,  and  in  the  fecond  x  ^-  ^  ^,  is  equal  to  x .;  hnd  in  any  Equa^ 
tion  propofed  infteadof  z  fubftituting  its  equal  Qiantity,  there  arifes  a  new 
Equation  in  which  the  fecond  Term  is  wanting,  ail  whbfe  Roots  x  either  .ex- 
ceed or  are  dieficient  from  the  Root  ibught  z,  by  a  given.  Difierence  \  b. 

Example  I.  z^ -^-b z^^^^a p z^ ^^a^  qz-\^a^r^so^  Makex  —  Jissx, 
thenx»  — i^x  +  ^^*  =z^y  x^  —  —  ^*  *+ 1^6^  ^*— ^^'  =  2%  and 

X* «  ^  X'  +  |-  3*  AT*  —  ^^  ^'  X  +  ^  3*  =  z\    Hence  by  Subftitudoo 

.._^x'  +  |*-.*-^*'x  +  ^»/  =  +  «V 

^bx^^^b^x^  +  ^^hx^^b.     =  +  bz^ 

—  a  p  X*  -^Y^bpx -^  apb^^i^apz^  ^ 

—  a    q  X  "] 4j**j  =  —  tf/ja 

The  Sum  of  all  thefe  becomes  a  new  Equation,  in  which  the  fecond  Term 
is  wanting,  and  which  therefore  may  be  conftrudted  by  Caries's  Rule ;  putting 
inftead  of  ^  /  half  the  Coefficient  of  the  third  Term  divided  by  a  or  the  Is^ 

tus 


t  ^9  ) 

^  b  b  '      I  I 

WreBunh  that  is»  — -j — .h».  -^J».i  and  .infteid  of  —  ?  half  the  CoelH- 

xicnt  of  tlfie  fourth  divided  by  ^  a^  6c  4-  -t— i  -1 —  —  q.   The  Parts 

affected  with  the  Sign  -f-  are  to  be  placed  on  the  Left  Side  of  the  Axis, 
and  thofe  afFeaed  With  —  on  the  Right  Side,  thpt  thie.Cenler  of  the  Cbcle 
may  be  had,  as  is  requifite  for  the  Conftruftion  ;  fo  that  the  Intcrfeftions  of 
thb  with  the  Parabola,  by  Per^ndicukrs'let  ^11  upon  the  Axis,  may  exhibit 
all  the  true  Roots  x,  the  Affirmatives  .on  the  'Right  Side  (A  the  Axis,  and 
the  Negiitives  on  the  Left  Side.  For  fince  a?  —  ^^  =  Zj  by  drawing  a 
Line  parallel  to  the  Axis,  on  its- Right  Si^e  and  at,  the  Diftanci  ^>,  thofe 
Perpendiculars  terminated  at  this  Parallel  will  phibit  all  the  Roots  2,  the 
Affirmatives  to  the  Right  Hand  and  the  Negatives  to  the  Left.  As  for  the 
Kadios  of  the  Circle,  it  will  be  had-  by  adding  the  negative  Parts,  and  fub- 
tradting  the  affirmative.  PartsVpf  the  fifth  Tpcri  divided  hy  aa^  from  th6 
Square  of  the  Line  A  E  drawn  from  the  Center, £  (when  found)  to  the  Vertex 
.of  the  Parabola  A.  And  this 'may  generally  be  done  by  taking  inftead  of 
the  Line  A  E  the  Line  A  O,  which  .is  terniinated  at  O  the  Interledion  of 
the  Parabola  and  the  aforeiaid  Parallel  For  itS  Square  contains  (as  tnay.ea- 
fily  be  proved)  all  the  Parts  of  the'  fifth  Term  accruing  to  the  new  Equa- 
^n,by  taking  away  the  fecond  Term :  And  it  only  remains  that'the  Square 
of  EO  may  be  increafed,  if  there  is  —  r  in  the  Equation,  or  diminifhed  if 
there  is  -\-  r,  by  the  Addition  or  Subtraftion  of  the  Redtangie  a  r  \  whence 
the  Square  of  the  Radius  of  the  Circle  required  is  compofed. 

This  is  Mr.  Bdker^s  Method  of  finding  the  Central  Rule,  but  free  from 
all  his  Caudons,  and  cafy  enough.  The  only  Difference  arifcs  from  hence, 
that  I  determine  the  Center  of  the  fame  Circle  by  the  Axis,  .and  he  by  the 
Parallel  to  the  Axisj  and  that  I, always  find  the  affirmative  Roots  on  the 
Right  Side  of  the  Axis,  which  he  places  fometimes  on  the  Right  and  fome- 
times  on  the  Left. 

As  for  what  belongs  to  Cubic  Equations,  they  muft  be  reduced  to  Biqua- 
dratics, before  they  can  be  conftruftcd  by  the  fame  general  Rule.  And  this 
is  done  by  multiplying  the  Equation  propofed  by  its  Root  «,  whence  a  Bi- 
quadratic Equation  arilcs,  in  which  the  laft  Term,  or  r,  is  wanting.  Where- 
fore taking  away  the  fecond  Term,  and  the  Center  E  being  found,  the  Line 
£  O  is  the  Radius  of  the  Circle  ;  fince  j  r  =  o,  and  in  the  new  Equation 
the  whole  fifth  Term  arifes,  by  only  taking  away  the  fecond  Term. 

Example  z.]  z^  —  bz*  -}-^^^+^^S'==o-  This  multiplied  by  z 
;^x>mes  z*''-^bz^'\-aj>z^  -^^  aaqz=zo.  To  take  away  the  fecond  Term 
atkex  +  ii*  — 2?. 

Then  x*  +  *  ^'  +  -|-  ^»  ^*  +  -^  ^^  ^  +  ^  *♦     =      ^'^ 
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In  this  new  Eqiiitioh,  half  the  CcicOicient  of  the  tbiid  Term  divided  by  «. 

that  IS -^-^^4- J  ^,  istol)eufe(iinftcadof4^j  ^nd  half  the  Cocfficjenit 

'of  the  fourth  Term,  divided  by  ^  ^  or  the  Square  of  the  lalus  return j  that  ft 

—  -g--x  -^^ 1-  T  ?>  is  CO  fupply  the  Office  of  J^  ^  in  Cartes^  Conftruc- 

tion.  Whence  the  Center  E  is  determined.  Then  a  Parallel  being  drawn 
to  the  Axis  at  the  Diftance  of  J  by  on  its  Left  Side,  becaufe  of  a?  -]-  '^  3  =  z, 
and  let  the  Intcrfeiaion  of  this  with  the  Parabola  be  O.  A  Circle  defcribed 
with  Center  JE,  and  Radius  E!p,  will  cut  or  touchy  the  .Parabola  in  fo  many 
Points  at  the  Equation  has  true  Roots ;  which  Roots  or  Values  of  z  are  exhi- 
bited by  Perpendiculars  let  fall  from  thofe  Points  upon  the  Parallel  to  the 
Axis  5  the  Affirmatives  to  the  Right  Hand,  and  the  Negatives  to  the  Left. 

If  in  the  Equation  either  the  third  or  fourth  Term,  or  both  (hall  be 
wanting,  there  will  be  no  DiflFerence  to  be  obferved  in  inveftigating  the  Cen- 
tral Rule,  but  the  Quantities  p  or  q  vanifhing,  thofe  Parts  of  the  Lines  C  D 
and  D  E  arifing  from  thofe  Quantities  will  be  abfent  5  fo  that  we  muft  pro- 
ceed with  the  remaining  Coefficients  of  the  third  and  fourth  Terms  in  the 
new  Equation,  as  is  prelcribcd  in  the  foregoing  Examples. 

Hitherto  we  have  purfued  Baker's  general  Method,  than  which  we  can 
cxpe6J:  none  that  will  be  eafier  or  readier ;  whether  a  Parabola  is  affumed  for 
the  Conftrudibn,  or  any  other  Curve,  and  when  the  Equation  afcends  to 
the  Biouadratix:.  And  whilft  I  am  writing  this  there  occurs  to  me  a  Geo- 
metrical EffedHon  of  the  Central  Rule,  which  is  expeditious  beyond  Hope» 
and  will  abundantly  fatisfy  the  Curious  in  thefc  Matters. 
^'s-  «•  The  Parabola  NAM  being  defcribed,  whofe  Vertex  is  A,  its  Axis  ABC, 

and  latus  re£lum  tf,  let  the  Equation  be  reduced  to  this  Form,  z^  \bz^  i 
ap  z*  :  a*  q  z  :  a^  r  z=z  O'f  or  to  this,  z^  :  bz*  :  ap  z  :  a*  q  ziz  o^  if  it  be  a 
Cubic  Equation.  Then  at  the  Diftance  of  B  D  =  {  ^  let  the  Line  D  H  be 
drawn  parallel  to  the  Axis,  to  the  Left  Hand  if  it  be  -^  bj  or  to  the  Right 
if-\-bj  meeting  the  Parabola  in  the  Point  D,  from  whence  let  fall  BD 
perpendicular  to  the  Axis.  In  the  Line  A  B  continued  towards  B  make 
B  K  =  i  tf,  and  draw  the  Line  D  K  both  ways  indefinitely.  Then  make 
K  C  =  2  A  B  in  the  Axis  always  continued  beyond  K  •,  and  if  the  Quantity 
p  is  afFefted  with  the  Sign  — ,  take  C  E  =  *  ^  alfo  towards  the  fame  Side, 
but  contrariwife  if  it  is  -^^^  and  from  the  Point  E  let  there  be  raifed  EF 
perpendicular  to  the  Axis,  or  from  the  Point  C  if  the  Quantity  p  is  abfent, 
meeting  in  F  the  Line  D  R  produced  if  need  be  ;  which  Point  F  is  the  Cen- 
ter of  the  Circle  required  ifq  be  abfent,  but  if  it  be  prefent  in  F  E,  continued 
if  need  be,  muft  be  taken  a  Line  F  G  =  ^  j,  to  the  Left  if  it  is  +  y,  but 
I  to 
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to  the  Right  if -^  y/  And  thePbrnt  G  will  be  the  Center  of  the  Circlcr 
proper  for  the  propofed  Conftruftion,  and  its  Radius  will  be  the  Line  G  D, 
^  r  is  wanting  or  if  the  Equation  is  only  Cubkah  In  the  Biquadratics  the 
Square  of  this  muft  be  increafed  or  leflened,  according  as  it  is  —  r  or  -|-  r, 
hf  the  Redangle  of  r  and  the  latus  reBum.  The  Circle  being  thus  defcribed^ 
a  Perpendicular  being  let  fall  upon  the  Line  D  H  from  its  Interfedions  with 
the  Parabola,  thofe  that  are  on  the  Left  Hand,  as  N  O,  will  always  repre* 
fefit  the  negative  Roots  of  the  Equation,  and  thofe  on  the  Right  Hand,  as< 
M  L,  the  affirmative  Roots. 

Cubic  Equadons  are  conftruded  otherwile,  and  ibmething  more  iimply ;, 
by  a  Rule  oiVan  ScbootenSy  by  which  alfo  the  Roots  are  referred  to  the  Ax« 
is.  But  becaufe  the  Inventor  himfelf  does  not  deliver  his  Manner  of  finding 
it,  HOT  the  Demonftration  of  his  Invention,  it  may  not  be  amifs  to  fhewt 
here  the  Foundadon  of  the  fame,  and  to  make  the  Geometrical  Efiedtion 
fomething  more  neat*  and  to  free  it  from  fome  Cautions  inr-which  it  is  in^ 
voived. 

This  Rule  is  derived  from  hence,  that  every  Cubic  Equation  may  be  re^ 
duced  to  a  Biquadratic,  in  which  the  fecond  Term  is  wandng.  This  is  done 
,  by  muldplyii^  the  Equation  propofed  into  z  —  ^  =:  o,  if  there  is  -|-  ^  in  the 
Equation  ^  or  into  z  -}-  ^  =:  o,  if  it  be  —  b.  Then  the  new  Equation  fo 
produced  will  have  the  fame  Roots  with  the  Cubic^  and  another  befides 
equal  to  — .  ^,  if  there  is  —  ^  in  the  Equation  y  or  on  the  contrary. 


Suppofc  we  were  to  conftruQ:  a;'  —  2:*^-|-iapz4-ij«jrro.  Multiply 


this  by  2 -j*  ^  •,  it  becomes    2*  — ^z'-}-tf/>2* -j*/ryz  7 


Here  the  Iccond  Term  is  wanting,  and  the  Coefficient  of  the  third  — ib 

bb 
^ap  gives  —  —  +  I .?  to  be  fubftituted  for  |  p  or  C  D  in  Cartes\  Con- 

ftru6tion  ;  and  of  half  the  Coefficient  of  the  fourth  Term  is  made  4-  ^^  ^  4- 

bp 

— t  to  be  ufed  inftead  of  |  j[  or  D  E,  and  fo  the  Center  of  the  Circle  fought 

is  determined.     Then  becaufe  one  of  the  Roots  of  the  new  Equation  is.  gi^ 

vcn,  which  is  -^^  or  -|-  ^j  ^  Point  alfo  in  the  Circumference  will  be  given^ 

aod  therefore  the  Radius.  Laftly,  the  Circle  being  defcribcd.  Perpendiculars 

W  iiUl  upon  the  Axis  from  its  hiterfedlions  with  the  Parabola  will  exhibit  the 

30ts  of  the  Equation,  the  affirmative  and  negative  as  mentioned  before. 

Now  the  Center  of  the  Circle  is  found  by  a  very  eafy  Conftruftion,  whicha    *t  59»- 

preferable  to  all  others  in  Cubic  Equations.     Let  A  be  the  Vertex  and 

F  the  Axis  of  the  dcfcribed  Rirabola  A  M  Dj     At  a  Diftancc  equal  to  i' 

i     D  K  be  drawn  parallel  to  the  Axis,  at  the  Right  or  Left  Hand  according; 

\    it  is  -{-  ^  or  —  ^,  which  meets  the  Parabola  in  the  Point  D.    With  Ccn- 

1    s  D  and  A,  and  with  eqpal  Radius'^,  let  occult  Arches  be  deicribed  inters 

j  iing  one  another  on  both  Sides,  and  through  the  Points  of  InteiieAioQi 

draw* 


draw  the  indefinite  Right -Line  P  f,  wjiich  may  be  |>erpendicular  to  the  fup- 

.pofed  Line  A  D  at  its  middle,  and  meet  the  Axis  at  the  Point  E.     From 

E,  either  bclpw  or  above  according  as  there  is  either  — .  ^  or  -}-  p  in  the  E- 

quation,  make  E  F  =  |  ^ ;  and  from  F,  or  from  E  if  ^  is  wanting,  draw 

the  Perpendicular  F  G  n^eeting  the  Line  B  C  in  the  Point  G  5  aud  in  G  F 

produced  make  G  H  =:  ^  q^:  to  the  Right  if  there  is  —  j  in  the  Equation, 

or  otherwife  to  the  Left.     Then  will  H  be  the  Center  required,  and  H  D 

the  Radius  of  the  Circle ;  which  will  Ihcw  all  the  Roots  as  before,  by  means 

of  Perpendiculars  let  fall  from  its  Interfeftions  with  the  Parabola  to  its  Axis. 

rte  Number  tf       j^  appcaTs  from  Des  Cartes  and  from  what  has  been  already  faid,  as  well 

^^alioli' H»ith^^  Cubics  as  in  Biquadratics,   that  the  Roots  may  be  reprefcnted  by  letting 

tbeir  Limits  and  fall  Pcrpendiculars  upon  the  Axis,   or  a  given  Diameter  of  the  given  Para- 

Edm?Haiicy'*   bola^  from  the  Interfeftions  of  that  Curve  with  a  Circle.     And  fince  a  Cirde 

N.  190. />.  389- cutting  a  Parabola  muft  cut  it  cither  in  four  or  in  two  Points,  it  is  plain 

Wo».  An.  »^87.^j^^^  j^  Biquadraticks  there  muft  neceflarily  be  two  or  four  true  Roots,  either 

affirmative  or  negative;  as  alfo  if  perhaps  the  Circle  may  touch  it,  in  which 

we  may  infer  an  Equality  of  two  Roots  of  the  fame  Sign.    But  in  Cubicks, 

becaufe  one  of  the  Interfeftions  is  required  for  the  Conflruftion,  the  one  or 

the  three  remaining  reprefent  the  one  or  the  three  Roots,  as  in  the  Cafe  of  # 

Contaft,  whence  it  is  plain  that  there  are  found  two  equal  Roots,  and  that 

the  Problem  from  whence  the  Equation  refults  is  truly  a  plane  Problem. 

Therefore  all  Cubic  Equations  however  aflfefted  are  explicable  with  one  or 
with  three  Roots,  as  always  pofTible ;  admitting  negative  Roots  for  true 
ones.  So  Biquadraticks,  of  which  the  laft  Term  r  is  afFeded  with  the  Sign 
rt  4.  — ^  are  explicable  by  two  or  four.  But  if  there  is  -|-  r  in  the  Equation^ 
and  it  is  fo  great  as  that  V  G  D  j  —  ^  r  is  lefs  than.that  a  Circle  can  reach 
the  Parabala  in  any  Point,  when  defcribed  with  that  Radius  and  the  Center 
G ;  the  given  Equation  is  totally  impoffible,  nor  is  it  explicable  by  any  Root 
affirmative  or  negative.     But  of  this  more  afterwards. 

Now  whereas  there  is  fo  great  a  Difference  between  the  Cafes  of  Cubick 
and  Biquadratick  Equations,,  as  that  they  cannot  be  comprehended  together  5 
I  fhall  firft  treat  of  Cubicks,  and  then  of  the  other.  Now  Cubicks  may  be 
conftrufted  by  an  infinite  Number  of  Circles  in  a  ^given  Parabola,  but  Bi- 
quadraticks with  one  only,  at  Icaft  in  this  Method.  And  that  becaufe  by 
putting  z  —  tf,  or  any  Indeterminate,  equal  to  nothing,  the  Cubick  Equa- 
tion is  reduced  to  a  Biquadratick,  having  the  fame  Roots  with  the  Cubick, 
and  another  bcfides  wh.ch  is  equal  to  e.  Whence  it  is  that  the  Cubick  may 
be  conftrufted  by  fo  pany  different  Cirples  as  there  are  different  Values  of  ^, 
that  is  infinite.  But  among  thefe  Conftrudions  that  is  by  far  the  moft  eafy, 
which  I  gave  above  in  the  laft  Paragraph.  Yet  there  is  another  not  much 
inferior  to  it,  which  feems  more  accommodated  to  the  Difcovery  of  the  Num- 
ber of  the  Roots  and  their  Limits,  and  which  derives  its  Original  from  ta-. 
king  away  the  fccond  Term,  by  fuppofing  (as  is  commonly  done)  y  =  2^ 
or  —  the  third  Part  of  the  Coefficient  of  the  fecond  Term.  Here  it  follows : 
F^. si-  The  Parabola  AB  Y  being  given,  its  Vertex  A,    its  Axis.  A  E*  and  its: 

laffis  reffum  a  j  let  the  Equation  be  reduced  to  the  ufual  Form  2'  :  i  x*  : 

apz  : 


#^  2: 1  4^  f  22 1).  Then  at  the  Diftance  f  h  let  B  K  be  drawn  parallel  tQ 
die  Axis,  to  the  Right  Hand  if  it  be  -j-  b^  or  elfe  to  the  Left  Hand,  meet- 
ing the  Parabola  in  B.  And  let  an  indefinite  Perpendicular  be  creded  D  P 
OB  the  middle  of  the  fuppofed  Line  A  B,  meeting  the  Axis  in  the  Point  G. 
From  B  let  fell  B  C  perpendicular  to  the  Axis,  and  let  G  E  be  always  made 
equal  to  A  C  vith  its  Diredion  downwards.  From  E  malce  E  H  =  ^  jr 
with  its  Direftion  upwards  if  it  be  -)-  p  in  the  Equation,  but  othcrwife 
downwards,  and  from  the  Point  H  (or  from  E  if  p  be  wanting)  let  the  Per- 
pendicular H  Q^be  raifcd  meeting  the  indefinite  Line  D  P  in  the  Point  O. 
Laftly  in  the  indefinite  Line  H  (^make  O  R  =s;  i  y,  to  the  Riaht  from  0 
if  it  be  —  {,  to  the  Left  if -j-  j.  Then  a  Circle  defcribed  with  Center  R, 
afid  Radius  R  A»  will  cut  the  Parabola  in  fo  many  Points  as  the  Equation 
propofed  has  true  Roots,  and  thefe  will  be  the  Perpendiculars  Z  Y  let  fall 
from  the  Poiats  of  Interfeftion  Y  upon  B  K  parallel  to  the  Axis ;  of  which 
thoie  on  the  Right  Side  of  B  K  will  be  the  affirmative  Roots,  and  thofe  oa 
the  Left  Side  the  Nega^ve. 

The  Convenience  of  this  Conftruftion  confifts  in  this,  becaufe  it  is  per- 
formed  by  a  Circle  paffing  through  the  Vertex,  juft  as  if  the  fecond  Term 
were  wanting.  Therefore  for  determining  the  Number  of  Roots,  it  is 
eooi^h  to  know  the  Properties  of  the  Locus  or  the  Curve-Line  which  di« 
fiinguilhes  the  Spaces,  where  if  the  Center  of  the  Circle  be  placed  that  pafles 
through  the  Vertex  of  the  Parabola,  its  Circumference  will  cut  it  either  ia 
cme  or  in  three  Points :  That  is,  to  define*  the*  Nature  of  the  Curve,  upon 
whidi  fhall  fall  the  Centers  of  all  the  Circles,  that  pais  through  the  Vertex 
and  then  touch  the  Parabola. 

But  that  Locus  is  the  Paraboloid,    which  with  the  great  U^attis  we  will 
call  SemicubicaJ,  or  in  which  the  Cubes  of  the  Ordinates  are  to  one  anocher , 
as  the  Squares  of  the  Portions  of  the  Axis  refpedlively.    Its  latus  reStum  is 

^  of  the  lotus  reSum  of  the  given  Parabola,  and  its  Vertex  is  the  Point  V, 

A  V  being  half  the  latus  re£fup$  of  the  fame  Parabola.     That  is,  if  Unity 

8 
be  aOigned  for  the  laius  reSum  of  the  given  Parabola,  —  of  the  Cube  of  the 

Ordinate  will  be  equal  to  the  Square  of  the  Part  of  the  Diameter,  or  the 
Cube  of  f  V  H  will  be  equal  to  the  SquSire  of  H  R,  if  R  be  the  Center  of 
the  Circle  that  pafles  through  the  Vertex  of  the  Parabola,  and  afterwards 
touches  it.  This  is  that  Curve  which  firft  of  all  Mortals  our  Mr.  Neil  de- 
monftraced  to  be  equal  to  a  Right  Line,  who  on  this  Account  has  been  cele- 
brated among  the  chief  of  Geometricians.  And  its  Properties  have  been  in- 
?jircd  into  by  the  learned  Dr.  ff^allis^  at  the  End  of  his^Book  concerning  the 
iflbid,  and  Huygens^  Prop.  8,  9.  of  the  Evolution  of  Curve  Lines,  and 
other  ingenious  Men  whofe  Writings  the  Reader  may  confult.  This  Curve 
being  defcribed  on  each  Side  of  the  Axis  of  the  Parabola,  that  is,  V  N  L 
and  V  P  X,  will  comprehend  a  Space,  in  which  if  the  Center  of  the  Circle 
be  pur,  which  paiTes  through  the  Vertex  A,  chat  Circle  will  cat  the  Parabola 
ia  tlute  other  Points.  But  the  Spaces  that  are  more  remote  from  the  Axis 
VoL-L  '        L  wiU 
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will  fupply  the  Centers  of  Circles  which  will  cut  the  Parabola.but  i»  one  Point 
befides  the  Vertex.  .    \ 

Thefe  Things  being  rightly  underftood,  we  fhall  now  proceed  to  deter- 
mine the  Number  of  the  Roots.  And  firft  let  the  fecond  Term  be  wanting^ 
and  let  the  latus  reSfum  be  Unity,  or  A  V  =  i.  In  the  Conftruftion  V  H 
is  J  p^  and  H  R  t  ?•  And  zs\  p  is  to  be  put  upwards  from  V  if  it  be 
^-  />,  the  Center  of  the  Circle  is  always  to  be  placed  without  the  Space 
L  V  X,  and  therefore  the  Equation  is  explicable  by  one  Root  only,  affirma- 
tive if  it  be  —  y,  negative  if  -|-  q^  which  Roots  are  inveftigated  by  CarJan'% 
Rules,  But  if  it  is — ;>,  then  V  H  =  f  p  muft  be  taken  below,  and  it  may 
happen  that  H  R  may  fall  between  the  Axis  and  the  Curve  V  X  or  V  L, 

namely  if  the  Cube  of  2  VH  or  f^  is  greater  than  the  Square  of—   y,    or 

—  p'  greater  than  —  j  j,  in  which  Cafe  there  are  three  Roots,  two  nega- 
tive if  it  is  —  J,  and  one  Affirmative  equal  to  their  Sum ;  or  if  it  is  -[-  j; 
then  two  affirmative  and  one  negative.     But  if  —  p^  is  Icfs  than  —  y  j,  then 

only  one  Root  is  found,  affirmative  if  it  is  —  j,  but  negative  if  +  q.  And 
thefe  Things  are  commonly  uught  by  thofe  who  treat  of  this  Part  of  Geo- 
metry. 

Now  let  all  the  Terms  be  prefent,  and  firft  let  this  Equation  be  propofed 
^'  — .  ^  z*  -f-  p  z  —  J  =;  o,  to  which  we  have  adapted  Figure  51.     In  the 

Conftruaion  of  this,  B  C  =  —  ^,  V  G  =  —  A  C=  ^  ^  3,  V  E  =  •^^*, 

3  *  •        2  10  o 

VH  =  -g^3— i-p,GH=y^^^Y;>,  or~i)^-i    ih,    hence 

•  I  I  I  I  ^ 

H  O  =  —  ^^  —  -T-  ^;>,  or  -7-  tp  —  —  i?\  and  H  R,  or  the  Diftancc  of 
27  0     ^      '    6      -^       27  ' 

the  Center  of  the  Circle  R  from  the  Axis,  is  always  the  Difference  between 
•^^^and  — ^^-j qi  which  if  they  are  equal,  the  Center  falls  in  the 

Axis ;  if -g-  ^/  is  greater  than  ri  ^'  +  T"  ?»  ^^  ^*'^  ^^  ^^^  ^^^^  ^^  ^^^  Axis, 
but  if  lefs,  to  the  Right.     If  the  Square- root  of  the  Cube  of —  V  H,   (that 

is,  of —  kb  —  —  py  which  we  may  call^,)  that  is,  \i si  ddd  is  greater  than 
9  _  3 

H  R,  or  the  Difference  between  •—  ^'  -4-  -^  ^  and  -7-  ^  p,  the  Center  R  is 

27       *     2  ■'  o  .  ^ 

found  within  the  Space  H  P  V,  which  is  circumfcribed  by  the  Paraboloids 

•  V  P  X  andV  N  L,  and  the  indefinite  Right  Line  D  N  P.     And  therefore 

the  Circle  will  cut  the  Parabola  in  three  Points  Y,  Y,  Y,  fituate  to  the  Right 

Hand  of  the  Line  B  K,  and  therefore  the  Equation  has  three  affirmative 

Root$«^ 


.    , t  7J  ).   ,     . 

Hoots,  fiat  the- (SKtef-'being. without  this  Sjjace,  NUP,'  K  cap  be  ex-- 
pinned  but  by  o'rie*  affirmative  Root.  Here  we  may  take  Notice,  th^t  the 
Right  Line  DP  that  touches  the  Paraboloid  V P X  in  the  Point "^P,  EP 

tciug—  i%  will  cut  the  other  yNLm  the  Point  N,  fo  that  Jptting  fall 

the  Perpendicular  N  F  upon  the  Axis,  V  F  will  be  a  fourth  Part  of  E  V,  or 

^bb,  but  N  F  will  be ^ iK     But  V  W,  which  from  the  Point  V  being 

5rawn  perpendicular  to  the  Axis,  and  meets  the  Line  D  P  in  W,  is  equal  to 

Henco  we  may,  fafely  conclude,  if  in  the  Equariqn  p  is  greater  than  —  l^b, 

hrq  greater  than  —  *',  there  is  only  one  Root  to  be  had,  and  that  affirma- 
tive. Therefore  Bes  Cartes^  Rule  is  not  true,  ipag^.  70.  Edit,  jimfi.  1659^ 
wherein  he  afferts,  that  fo  many  true  Roots  are  to  be  had  as  in  the  Equation 
there  are  Changes  of  the  Signs -|- and  — ;  nor  is  it  to  any  Purpofe  that 
Scbooten  in  his  Comcrtentaries  excufes  this  Miftake.  For  infinite^  more  E- 
quations  may  be  contrived  of  the  foregoing  Form,  having  three  Changes  of 
the  Signs,  which  have  but  one  Root,  than  which  have  three  Rbbts;  Alfo 
the  fifth  Ptopofitibn  of  the  fifth  SeSion  of  our  Harriot's  Ars  Analytica  5  as 
likewife  the  i8th  Problem  oiVieta's  Numerofa  Potejlatum  Refolutio^  are  not 
fufficicndy  found,  fince  from  the  Limitations  they  have  there  given,  that 
fhould  belong  to  the  whole  Parallelogram  P I  V  W,  which  we  Jiave  now 
proved  to  belong  only  to  the  Space  N  V  P;  that  is,  that  it  (hoirld  afibrd  a  , 
Center  for  a  Circle,  which  cuts  the  Parabola  in  three  other  Points  befides  the 
Vertex. 
Now  the  Quantity  y,  or  the  laft  Term,  when  b  and  p  are  given  in  fuch 

Conditions  that  p  is  lefi  than  —  bby  is  accurately  limited  by  the  foregoing 

Equation  ^  dddz=i—P  ^ 3^-g^^>   when  the  Circle  touches  the 

Parabola*  Therefore —  q  ought  to  be  lefs  than  -^  bp -^  -^  b^  ^k/ ddi. 
But  lip  is  greater  than—  b  ^,  it  is  neceffary  that  —  i  Ihould  be  greater  than 

T  *^  —  ^  ^^  ~  ^  ^'»  ^^^  ^^9  Center  fhould. fall  within  the  little  Space 

N  V  W.     And  with  thefe  Conditions  the  Equation  is  always  explicable  by 
ihrce  Roots,  but  otherwife  by  one  only.     But  whether  three  or  one,  they 
arc  always  affirmative,  bccaufe  of  the  Pofition  of  the  Center  R  to  the  Right 
Handof  theLineDP.- 
L  z      .       ....  And 


(rtf) 

AndthisisthemoftclifficukCafe,  fo  that  he  duttw^umkiA«p<is  what  goet 
before  will  eafily  imderftand  the  reft.  Now  let  be  given  the  £4]uaU€ti  s'  -^ 
h z^  4* j> z^i^szo.  Here  that  three  Roots  may  b^  had,  it  is  necefiarjr 
that  tne  Center  of  the  Circle  may  be  fomcwhere  within  the  Space  PN  A, 
included  by  the  Right  Lines  P  N,  P  A,  and  by  the  Oxt^  ok  the  Paraboioil 

Na%    Wherefore finceEF  =  -g-^^,'^muft  be  lefs  than-— **•  Nowfbr 

the  Determination  of  the  Quantity  j,  making.  J  ss  —  b  h  m^  -rt  as  before^ 

9  3 

then  hi  ddd^ 11  h  —  -g-*/>  muft  always  be  greater  fta6  — f,thatthe 

Center  of  the  Circle  may  be  found  in  the  aforefaid  Space  PN  A:  Which 
when  it  happens,  fuch  an  Equation  has  two  iafiirmalive  Roob  aikl  OM  nega- 
tive.   But  \ip  is  greater  than  —  hhy  or  —  j  greater  than  V  i^  +  r:  ^^  r^ 

'jrbp^  the  Equation  is  explicable  but  by  one  Root,  and  that  will  be  ne* 

gative. 

Now  let  be  prfjp^ed  the  Equation  «'  —  *  x*  —  ^  «  —  jrs  6.  That  this 
Equation  may  have  three  Roots,  the  Center  of  the  Circie  diuft  be  found 
fomewhere  in  the  indefinite  Space,  betweea  the  Right  Lihe  D  P  D  and  tbe 
Curve  of  the  Paraboloid  P  X.    Hence  the  Quantity  p  will  be  fubjeA  to  no 

Limitations,   but  —  q  mufl:  always  be  kfs  than  V  ^'~r'^"^"5   ^^  P 

making  dz=z  —  b  b^  — p:    By  this  means  there  wili  be  two  negative 

Roots,  and  one  affirmative  s  but  otherwife  if  —  j  is  greater  than  ^  #  •^ 

J* 

—  ^'  —  -r  bpy  one  only  affirmative  Root  will  be  exhibited. 

In  the  fourth  Place  let  the  Equation  bez'  —  b  z*  ^^p  z-^q^zo^  which 
has  two  affirmative  Roots  and  one  neg^tive^  if  the  Center  of  the  Circle  is 
found  in  the  indefinite  Space  between  the  Right  Lines  Pa,  PD,  and  the 

Curve  of  the  Paraboloid  a  L  j  that  is,  fuppofing  d  z=:  T-bb-] py'^'T 

f  is  lefs  than  V  d^  -^"^  b^  ^^bpi  but  if -r^  is  greater  than  thisQuan^ 

tity,  there  is  only  one  negative  Root. 

Now  the  four  remaining  Equations,  m  which  there  is -^  b^  as  to  the  Li- 
mitation of  the  Number  of  Roots,  do  notdifier  from  the  foregoing,  if  the 
Sign  of  the  Jail  Term  be  changed,  keeping  the  Sign  of  the  third  Termi 
but  the  Roots*  that  in  thofe  were  affirmative  will  here  be  negative,  and  tvV# 
verfa.  Thus  in  the  Equation  z'  —  ^2*-f'^2— f=rO,  either  one  or 
fhrce  are  negative  under  the  iame  Conditions,  but  none  affirmative.    So  in 
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^^iT^'^pz^qapf  two  are  native  and  one  affirmative,  if^is 

Icfi  than  — **»  a^d  —  i  1^^  ^^^  V^  +  "^  *'  —  -5"  *;>>  as  in  2'  —  iz* 

•{-^  z  -)-;:=  Q,  two  will  be  affirmative  and  one  negative.  But  when  p  or 
!  y  depart  from  the  prefcribed  Limits,  here  is  only  one  affirmative  Root  which 
I  there  was  negative.  In  like  manner  inz'-}"^^— jp2-|-j=r©,  cither 
I  there  are  two  affirmative  and  one  negative  Root,  or  one  negative  only. 
I  l^ftly  for  the  fame  Rtalbn  in  the  Equation  2'  -f-  i  2*  —  p  2  —  j  =  o, 
there  are  two  neg^ive  and  one  affirtnative  Root,  or  one  affirmative  only  y  at 
in  the  Equation  2'  — .  ^  2*  —  /  2  -|-  j  i=  o,  there  arc  two  affirmative  and 

one  negative,  or  only  one  Negative,  according  as  — -  f  is  greatert)r  Icfi  than 

If  the  third  Term  is  wanting,  or  ^  ss  o,  the  Center  R  always  falls  in  the 
Line  IPE  A ;  wherefore  if  it  is  2'  -^  *  2*  ♦  —  j^  =  o,  or  2'  +  ^  2*  ♦  -^[- 
j  =  o,  there  can  be  only  one  Root,  if  'tis  —  b  the  Root  is  affirdaative,  if 
4-  ^  negative.  But  if  the  Equation  is  2'  —  ^  2*  ♦  +  ?  =  c>,  or  2'  +  ^  ^* 
♦  —  J  tii:  0,  there  may^  be  two  affirmative  and  one  negative  in  the  former^ 
or  one  affirmative  and  two  negative  in  the  latter,  the  Center  fatting  in  the 

Line  P  A,  between  P  and  A,  that  is,  if  -—  j  is  lefs  than  tt  ^' :  But  if  it  be 

4  27 

g^reater,  then  can  be  only  one  Negative  in  the  former,  or  one  Affirmative  in 
the  latter. 

Hitherto  we  have  fully  explained  the  Number  of  Roots  in  Cubic  Equa- 
tions ;  now  we  muft  add  fonnething  concerning  the  Quantity  of  thofe  Roots. 
Here  it  is  firft  to  be  obfcrved,  that  every  Equation  having  three  Roots  may 
U  reiblvtd  expeditioufly  enoi^h  by  aieans  <^  the  Table  of  Sines,  that  is, 

/^  4 

by  the  Trifeftion  of  an  Angle.     For  by  making  v  —  *  ^  —  — py  or  ^/  4  i 

/- ■ — ^  ^ 

if  it  is  -4*  ?  in  the  Equation,  or  V  —  *  *  +  — '^,  if  it  is  — ^,  the  Radius 

of  the  Circle  5  and  making  that  the  Angle  to  be  trifefted,    whofe  Sine  is 
—  J'  -^  —  bp  -^  —  J  in  the  Table  of  Sines ;  when  this  Angle  is  found 

the  Sine  of  a  third  Part  of  it,  alfo  the  Sine  of  the  third  Pirt  of  its  Comple- 
ment, to  a  Semicircle,  and  their  Sum,  will  be  known  by  the  Table  of  Sines, 

But  thefe  Sines  are  to  be  drawn  into  the  Radius  ^/  —  i  i  4 ^,  and  we 

9  3 

ihall  have  the  Quantities  (y  &,  j^  &,  j  &,  in  the  Figure)  the  Sum  or  Diffe- 
rence of  which,  and  of  —  3,  as  the  Cafe  requires,  will  exhibit  the  true  Roots 

of  the  Equation.    All  thcfe  Things  are  derived  from  whatlias  been  found  by 

Carle- 


(7i) 

Carteftus.  Now  that  I  may  comprehend  ail  the  Cafes  in-af  fhort  a  Cbrnpaft 
as  poffible.  I  fay  that  in  the  firft  Form  of  Equations,  if  the  Center  R  falls  in 
the  Space  V  G  JP,  the  two  Seflions  Y,  T,  fail  between  A  and  B,  and  there- 
fore each  of  the  lefTer  Roots  is  lefs  than  —  h^  but  the-  third  and  greater  air 

ways  exceeds  —  bj  but  is  exceeded  by  b.    Now  if.  it /alls  in  the  Space 

G  N  V,  two  are  greater  than  —  by  but  left  than  -—  *,   and  the  third  is  b 

fubftradting  the  two  others,  and  therefore  lels  than  —  b.  But  admitting  a 
Limitation  of  the  Quantity^,  the  Roots  are  included  within  narrower  Bounds. 

/A,  A      '  I       • 

For  the  greateft  Root  is  lefs  than  V  —  bb*^  —  P '\"~'  f»    ^"^   greater 

•  o  ^     ^  . 

than  V  —  b  b  —  p  +  '• —  b.     But  when  —  bhis  lefs  than  i),  that  Limit 

becomes  v— -  bb p  4 b..   The  middle  Root  is  always  lefs  than 

9  3  3 

^i  I  I  '^i^  I 

,J  —  bb^^pA by  but  greaoer  than  —  b  —  V — bb p.     The 

4  2  3  9'  3 

greateft  Root  never  exceeds  this  Limit,  but  vaniflies  with  the  Quantity  q. 

In  the  fecond  Form  by  the  Rules  prefcribed  there  are  two  affirmative  and 

one  negative  Root,  and  the  Center  falling  in  the  Space  GPE,  one  of  the 

Affirmatives  is  greater  and  the  other  lefs  than  —  b.    But  the  greater  docs 

not  exceed  bj  and  the  Negative  cannot  be  greater  than  V  —  bb  ^^ —  b^ 

and  it  is  the  Difference  of  ^  and  of  the  Sum  of  the  Affirmatives.  But  when 
the  Center  is  placed  in  the  Space  EN G A,  either  of  the  Affirmatives  is 

I  n —     I 

greater  than  —  by  but  lefs  than  aJ  —  b  b -] b.     But  the  Negative  is 

always  lefs  than  —  b.     But  from  p  being  given,  the  Limits  become  near- 

/^ ^    I 

er,  ^  ~  ^^  —  />  +  —  *  of  the  greateft  affirmative  Root,  than  which  it 

^ T"       I 

is  always  lefs,  and  greater  than  v'  —  b  b  —  —  pA b.     Yet  the  other 

9  3  3 

affirmative  Root,  which  diminifhes  with  the  Quantity  q^  is  lefs  than  this  Li- 
mit.   But  the  negative  Root  is  always  lefs  than  V  —  b  b  —  —p  —  —  b^ 

and  vanifhes  when  the  Quantity  q  is  abfent. 

I  .  In 


..,.  (  79  ) 

h  the  thirOwm  ^re  two  negative  and  one  affirinative  Root  5  in  this,  as 
$Jh  in  the  fourth,  the -Roots  arc^not  limited  by  the  Quantity  ^.     Now  the 

Affirmative  is  alwa-^f  ;fefe  than  V  "T"!^  ^  -f :p  -{^  -~  ^,  but  ^eater  than 

%/  p'\ b  b  -^  —  i.    But  the  greateft  of  the  Negatives  is  always  greatcr- 

4  ^ 

than  ij—'bb  -}- —  ^  — .  —  p^  antj  lefs  than  v'/>4'  —  *^ ^-  But 

9  3.3  42 

the  Icffer  of  the  Negatives  always  is  diminiflied  when  the  Quantity  j  is  di- 
minifhed; 

.  In  the  fourth  Form  tht  Center  falls  within  the  Space  L  A  P  D';  if  two 
Roots  are  affirmative  and  one  negative,  the  greateft  of  the  Affirma- 
tives cannot  be   greater   than   »J  p  ^ b  b -^ ^,    nor  ie(s   than 

4-2 

^  1                I              I 
V  —  bbA pA b.     But  the  lefTer  Root  is  diminiflied  from  this 

9  3  3.. 

Limit,     as  the   Quantity  j   is  diminiflied.      The.  Negative  is   left   than 

^  —  b  b  A^ p  .—  -^^p^  but' greater  than  V^  -| bb  —  —%. 

But  here  it  muft  be  noted,  that  the  negative  Roots  are  every  where 
marked  with  the  affirmative  Sign,  becaufe  thefe  afe  the  affirmative  Roots- 
of  thofe  four  Equations,  in  which  there  is  -{-  ^,  and  q  is  marked  with  a 
contrary  Sign,  as  I  obferved  before.  The  Demonftration  of  all  thefe  fol-- 
lows  from  hence,  thact  whenever  the  Center  of  the  Circle  R  falls  upon  the 
Gurve-Lines  V  P  X  or  V  A  L,  its  Circumference  touches  the  Parabola  in  a 

•     2        . 
Point  whofe  Drftence  from  the  Axis  is  \/ —  V  H.     But  when  the  Center 

3 
falls  upon  the  Line  Dl^D,  one  of  the  Roots  becomes  ==  o,  and  therefore 
the  Cubic  is  reduced  to  a  Qiiadwic,    or  to  2*  —  ^  2  -}-  ^  =:  o^    whofc 
Roots  mark  out  the  Limits' whtrre  the  Quantity  q  vaniflies.     And  the  lefs 
q  is,  fo  much  the  nearer  the  Roots -approach  to  thefe  Limits.     It  is  alfo  a 

Qiiadratic  when  the  Center  falls  in  the  A»is  ;  that  is,  when  —  y  =—  b  p 

—  — :  ^%  in  the  firft  Form,'  or*  —  j  =  —  ^^  +— -  b  p  in  the  fecond*. 
27  2    ^         27        •     6        •'^ 

'  i 

In  the  third  it  is  impoflible,  but  in  the  fourth  when  —  ^  =  —  b^  A^^  -r* 

bp.     In  which  Cafe  the  leffcr  of  the  affirmative  Roots  is  —  b^  the  greater 

3 


•J -—-  V'  -|-p  +  ~  ^*    ^"^^  ^^  negative  Root  is  V  —  bb  -A-  p  —  —  b. 
i  3  3  J 


(So) 

In  the  firfl:  Formula  the  Roots  arc  -r*  ^  ^^  -—  J  ^  ^/  "T"  *  ^  — ^ » in  tim: 
fccond  —  t  and  is/  — ■  ih^^p  +  "T" *  ^^  affirmative ;  but  t/^bb-^p^ 

i—  —  ^  IS  negative. 

And  this  feems  to  be  fufficient  as  to  Cubics.  But  becaufe  of  the  excellent 
Ufc  of  that  Method,  which  finds  the  Roott  of  thefc  Equations  by  means  of 
the  Table  of  Sines ;  I  have  thought  proper  to  add  an  Example  or  two^  to 
Ihew  the  Compendibufnefs  of  this  Praxis.  Let  there  be  propoied  this  Equa* 
tion  z^  —  39  2*  +  479  g  ■*-  i86i  :=  o,  of  which  the  Roots «  arc  required. 

We  Ihall  have  V— 3*— .---^ssA/g  —  =:^/^,  whofe  double  V  37 

^   •    u  «  J-       r  L  #-•    1        ^ir^jfif— T^    5t  1974-940^—3 1 13 j. 
—  IS  the  Radius  of  the  Cu-cle  5  and 7-., ^s=- ■ ,  .  ,    — ^=: 

— r--7 — T  is  the  Tabular  Sine  of  the  Angle,  that  is,  making  the  Divifioa 
9  t  V  9  T 

by  Help  of  the  Logarithms,  Log.  9.  9251560,  to  which  anfwers  the  An- 
gle 57**  19'  1 1"  r*  A  third  Part  of  this  is  19^  6'  24",  and  of  the  Complex 
ment  40®  53'  36^    The  Sines  give  Log.  9.  5i4933i  *nd  9.  81601 1,  which 

drawn  into  the  Radius  ^/  37  — >  produce  Y  &  and  Y  &,  Log.  o.  301030, 

n:  2,  and  Log.  o.  601059,  =^  4*  But  the  third  Y  &  is  equal  to  their 
Sum,  or  6.  Therefore  the  Roots  are  13  —  43=:9^  13  —  2  =  11,  and 
13^6=19-,  of  all  of  which  the  forefaid  Equation  is  compofed.    Whei« 

it  may  be  obferved,  that  the  two  lefler  Roots  do  not  exceed  "r**f  or  13, 
becaufe  in  the  Conftrudion  the  Center  R  falls  to  the  Right  Hand  of  the 

Axis ;  that  is,  -7-  bp  is  lefs  than  *--i  i'  H q. 

o     *  27  2   * 

For  another  Example  fuppofc  9c^  —  15  Af*  —  229  x  —  525  sr  o,  and  let 
the  Roots  be  fought.    We  have  h/  —  bb  '\^  —  p=^  loi  —  =^  ^  d^ 

and  the  Radius  of  the  Circle  is  ^/  405  —'    Then  "  ^'"^J^^  "^  '  ^=- 

125  4- 57^  T-|- 262  4-  960 

- — .^,  A  /  T^t  X ==  ,^;  I    /   ^    ,  ==  Tabular  Sine  of  an  Arch,  whofe 

Log.  9.  9736426,  and  the  Arch  itfelf  will  be  70**  14'  22",  whofe  third 
Part  is  23**  24'  47"  1,  and  of  its  Complement  36®  35'  12'' t ;  whofe  Loga- 
rithmic Sines  are  9.  599183,  and  9.  775275  ^  to  which  the  Log.  of  V  405  ^ 
being  added,  they  become  Log.  o.  903089.  s=  8,  and  Log,  i.  0791 81,  =:r 

12,  and  their  Sum  =  20.    Hence  it  ia  concluded,  that  20  -| by  or25, 

if 


Ktqusd  to  the  affirmative  Root,  arid  S  -=  —  ^,  or  3,  and  12  -^^ —  ^,  or 

7/  arc  equal  to  tJicTiegative  Roots.  Now  if  the  Equation  had  been  x^  -f. 
15  y*  —  229  ^  +525  c=  o,  the  Roots  3  and  7  would  have  been  affirma- 
tive, and  25  negative.  But  other  Cubic  Equations,  which  are  explicable 
by  one  Root  only,  are  to  be  i^olved  by  Cardan's  Rules  after  the  fccond 
Term  is  taken  away  ;  nor  can  I  perceive  how  it  may  be  done  by  lefs  Calcu- 
Ulioii.    Butif  thiiRdot  were  defifedy  exprefled  by  the  Quantities  ^  p,  ;  ^ 

I  fxy  in  the  firft,Fprm  it  would  be  — r  ^,  adding  pr  fubtradling  the  Sum  or 

-  ^ , 

Piffcrence  rfthe  Cqbiclloots  of  v^  "^JJ— — gJ?*^*+T5  ^^t — Z*  %H — ^* 
iT7^"^T''*'^T'^^^  that  is,- it  will  be*}- if  "jr** +-^?  is  greater 
than- -7-  ip9  othcrwifc  *— .'    Alfo  it  will  be  the  Sum  as  often  as  -^ ^  ^  is 

greater  than  p,  but  if  —  ^  ^  is  lefs,  then  the  DiflSu-ence.    And  in  the  other 

Cdrmsthe  Root.iialWays  cnadeupoftbefame  Elements,  with  Variations  of 
the  Signs  J^  and  — .,  aa  aijy  one  will  eafily  perceive  who  has  a  Mind  to  try. 
By  Hielp  of  the  Logarithroie  Table  of  Verfed  Sines  thefe  Roots  may  be 
found  readily  enough;  that  is,' -if  the  Numeral  Coefficients  are  Surds  or 
Pxa^ons,  aad  ti»c  jloots  are  effab)?  \n  IliTumbera^  i&  it  generally  happens. 

fiaw  this  is  die  Rule.    In  the  &t&  tad  (econd  Fbrmola,  if  <«^^^is;  lefs  than 

II 

fy  make  —  p  — •  -—  ^  *  =  i,  and  taking  for  .Radius  the  Difference  be- 

•     *  f  l"  '  I  '  *  ♦ 

tween  -7-  *  P  and  —  ^'  +  "T"  ?»  ^^^  is  H  R  in  the  firft,  and  between  -r 
6     '^        27        ■     2   *  .  '  6 

^ j>  If-  —  y,  and  —  y  in  the  fecond ;  let  the  Angle  be  found  whofe  Tan- 
2  27 

^cnt  isdijd.^   Thep  ;as  the  CoRpc  of  this  Angle  tp  its  Verfed  Sine*  fo  is 

d^  Difference  takea  for  Radiu;s  to  a  fourth  ;  whpfe  Cubic  Root  by  TrifedUon 

will  be  had  for  a  logarithin.    Them  dividing  —  ^  —  ~-  ^  ^  by  thia  Cubic 

Root,  fiom  the  Quotient  fubtraft.  the  Divifor,.and  the  Remainder  will  be 

i   c  (^antity  Y  &.    The  Sum  of  —  i  and  this  Ren?ainder,  if  the  Center 

i  il  on  thefeight  Side  €keiAxis,'otherwife  the  Difference  of  the  fame^  will 

j  I  the  Root  fought  .ISow  if  ^  i  i-Jsgr^tpr  fl»n  ^,  taking  Hl^  for  Ri- 

I  lus,  let  JV  d  or  the  Diftance  of  the  ParabQioid  front  the  Axis^  be  the  Sine 

VOI..I,       ^  ;      •  :m  of 


■     (Si) 

of  a  certain  Arch.    Let  the  verfed  Sin?  o^  thi$  be  ^^ultiplicd  by  the  Radius^ 
p,.  J-  ^^_  —  ^'  4-  —  J,  and  the  Logarithm  of  the  Produfl  being  tri- 

I.I  ^^ 

fccted,  its  Cubic  Root  will  be  had,  by  which  let— .^i—-!--/bedividcdi 

1  fay  that  the  Sum  of  the  Quotient  and  Divifor  in  the  feme  Manner  added 
to  or  taken  from  —  h  will  exhibit  the  Root  required.    And  in  lilce  manncf 

iri  the  third  and  fourth  Forms,  unlefs  that  —  ^^  +  -^  */>  +  —  2  is  to  be 

'I  I  ^t  1 

aflumed  for  the  R  adius,  and  -r-  *  ^  H — r  JP  '"^ ^o  v^  "T"  ^  ^  +  "r  ^t  or  d'ljd 

for  the -Sine.    But  thefc  Precepts  will  be  better  undcrftood  by  Examplea,     '  • 

Let  the  Cubic  Equation  be  %'  —  17  2*  +  54  2  —  350  =:  o,  and  Jet  ihf 
Root  z  be  required.    Here  — -  ^^  is  greater  than  ^  but  j.  is  greater  than 

the  Cube  of  < —  b  \  therefore  the  Equation  is  explicable  by  only  one  aSr^ 

289      54  127      127 

mative  Root.    Now  -—•.p.*^  is  J,  and  --^  v -r-  is  10  be  taken*  for  the 
9         3  ^9 

Sine  to  Radius  -~  -J-  175  —  153*  Aat  is  ^f-^*     The  Arch  belonging 
27  27 

to  it  is  1 5*^ :  3' :  49^  The  Logarithm  of  tiie  verfed  Sine  of  this  is  8.  536237^ 

which  added  to  the  Logarithm  of  the  Radius  2.  3095913,  gives  q.  8457889^ 

vhofe  third  Parto.  2819276  is  the  Logarithtti  of  die  Cubic  Root  ^.  9^394^ 

127 
This  dividing  — ^  or  J,  the  Quotient  is  j.  37281-^    Then  the  Sum  of  the 

Quotient  and  Divifor  adding  -—  ^  is  the  Root  fought»  or  14,  95349  ^^^ 

Havmg  now  done  with  Cubic  Equations,  we  are  to  undertake  Biquadra- 
tics. Thefe  always  have  either  none,  or  two,  or  four  true  Roots,  the  De- 
termination of  which  depends  pardy  on  the  Coefficients,  and  panly  on  the 
Sign  and  Magnitude  of  the  given  abfolute  Number.    In  the  ConftruAion 

^.  ofthe  Equation z*  —  ^ 2' -{-jpz*—. jz 4*''  =  ^»  makcBDs=  —  ^>AB 

=5  —  *^  BK=-j->  or  half  the  latuireffum^  KC=saABsr-~  i^ 

"T" ^/>,  andEG  =  -77  ^  —  —  * jp  +  T*  J-    Whkh  being  conftruftcd  a 

Cud« 


(  8?) 

Circle  with  Center  G  and  Radius  V^GDj  — rwill  interfcft  the  Parabola. 
either  in  none,  two,  or  four  Pdnts,  which  exhibit  all  the  Values  of  z,  or  all 
the  Roo^  by  Perpendiculars  upon  the  Line  H  D.  Now  that  there  may  be 
four,  it  is  plain  the  Center  of  the  Circle  mull  be  placed  fomcwhere  within  the 
Space,  from  any  Point  of  which  three  Perpendiculars  can  be  let  fall  upon  the 
Curve  of  the  Parabola ;  and  at  the  fame  Time  the  Radius  muft  be  lefs  than 
the  greateft  of  thofe  Perpendiculars,  and  greater  than  the  middlemoft.  Now 
if  die  Center  be  placed  without  this  Space,  fo  that  only  one  Perpendicular 
can  be  let  fall  upon  the  Parabola,  than  which  the  Radius  is  greater;  or  if  it 
be  Icfi  than  the  middlemoft  of  the  three  Perpendiculars,  but  greater  than  the 
kaft  of  them,  there  can  be  only  two  Roop.  But  there  will  be  none  as  often 
as  the  Radius  ^  G  D  y  —  f  is  lefs  than  the  leaft  of  the  three,  or  than  that 
one  when  there  is  but  one.  Now  what  Sort  of  Space  this  is,  by  what  Li* 
imts  it  is  circumfcribed,  and  upon  what  Conditions  the  Radius  of  the  Circle 
is  lefi  or  greater  than  the  faid  Perpendiculars,  we  muft  now  inquire.  And 
firft  it  muft  be  ihewn,  how  a  Perpendicular  may  be  let  fall  upon  the  Pa- 
labola. 

Let  A  B  C  be  a  Parabola,  A  E  its  Axis,  A  V  its  half  laius  relfum^  and  G  ^i*  sy 
the  PotDt  from  whence  the  Perpendicular  is  to  be  drawn.  Make  G  £  per- 
pendicular to  the  Axis,  and  let  v  £  be  bifedted  in  F*  And  erefting  the  Per- 
pendicular F  H  on  the  fame  Side  of  the  Axis,  make  F  H  =  ^  G  £.  I  fay, 
chat  a  Circle  delcribed  with  Center  H,  and  with  Radius  H  A,  will  interftft 
the  Parabola  in  three  Points,  or  in  one  Z,  to  which  the  Right  Lines  G  Z 
being  drawn,  will  infift  perpendicularly  upon  the  Curve  of  the  Parabola. 

Now  that  there  may  be  three  fuch  Interfeftions,  it  is  required  that  the 
Center  of  the  Circle  H  fiiould  be  fo  placed,  that  it  may  be  within  the  Space 

included  by  the  Paraboloids.    That  is,  that  FH  may  be  lefs  than  \/  — 

YFr,  or  FHjIefs  than  the  Cube  of-^VF,  and  therefore  G  E  =  4  F  H 

3 

81 
Will  be  lefi  than  V  —  VFr  or  4  V—  VEr,   that  is,  the  Square  of  G E 

27  27 

Jds  than  —  V  E  r.    Therefore  thefe  Limits  coincide  with  the  two  Parabo- 
27 

"  Dids  of  th(  fame  Kind  with  thofe  which  we  made  ufe  of  in  Cubics,  but  whofc 

27 
^4/m  reSumis  as  little  again ;  that  is,  -4  of  the  lafus  reffum  of  the  Parabola, 

27 
•  —  of  A  V,    Therefore  it  is  the_very  Cufve  by  the  Evolution  of  which 

be  Paraboja  is  generated,  as  Mr.  Huf gins  has  demonftrated,  and  which  the 
^ne  DF  always  touches,   which. is  perpendicular  to  the  Parabola  in  the     f^.s^* 
?oint  D.    But  the  Point  P,  in  which  the  Right  Line  D  F  touches  the  Pa- 

M  2  raboloid. 


(84;) 

rabofoid,'  is  the  Center  of  tte  Circle,  which  bebg  cjtfcribed  with  Rididt 
D  P  coincides  with  the  Parabola  In  the  Peint  D,  or  i$rO(  tho  lame  Degred  jpf 
Cgrvity,  which  is  manifeft  of  itfelf.     •    :  :  ;-''.*-';      ; 

Therefore  fuch  Paraboloids  V  X  P, '  V  N  A,  being  defcribed  tin  each  ;Sid* . 
the  Axis,  it  is  plain  unlefs  the  Center  of  thq  Circle  is-  fixed  within  thefc  Li*' 
mits,  it  cannot  cut  the  Parabola  in  more  than  twp  Points*    Wherlee  wc  may 
determine  under  what  Conditions  the  Coefficients  of  thK  intefmediatc  Tcrma 
are  rcftrained  in  Biqu^f  atic  Equations,  i^i  ftrder  to  hayc  fouf  Bjm5.  >  And 

firft  it  appears  thatp  cannot  be  gi^eiter  than  -j^  ^  h   in  thole  Forms  in 
which  it  is+A  ^^^  i  greater  tKan--^i^    .But'm'gc|ieml.-j^ 
Zp  ^ —  J,  that  is>  the  Diftance  of  the  Center  from  the  Axis  EG,  ;nw(l,^ 
Icfs  than  EH  =  4V-^VEr>  that isi,  biecawfe of Y fi,5s.-^. kk ^^^  p^ 

I  2  ^l  I 

Icfs  than  —  hb:^-—p^/—^bhZ\i-^p\  the  Signs  -^  and  rr^being  Jeft 

doubtful,  that  they  may  be  varied  according  to  .the  Exigfpce  of  jany  Equa* 
tion ;  as  we  have  (hewn  before  in  Cubics.    ... 

But  the  Limitation  of- th^  laft.  Term  r  cannot  fo  eafiJy  .be  fqund,  Anc! 
this  becaufe  to  let  fall  a  Perpendicular  upon,  the  Curve, p|*'  a  Parabola  is  a  fo* 
lid  Problem,  and  which  cannot  be  refdlred  without  the^Sotatian  of  ,a  Cur 
tic  Equation,  Therefore  firft  let  the  fecond  Term  of',  t^  Equation  b^- 
wanting,  or  if  it  be  prefent  let  it  be  taken  away, 'that  the  Elation  may 
have  thisi  Form  2* :  *  :^  2*  r^-2  irx^ixOi  .  Now  .if  it  ht  -^  r^  the;Equacioii 
may  always  be  explained  by  two  or.  four  Roots :.  Bjut-  fhat  tljere  fbould  bj. 
four,  the  Center  of  the  Circle  muft  be*  had  below  the  forefaid  Paraboloids, 

er  that  there  may  be  —  py.  and  j  g  lels  than  ~p^9  or  than  the  Cube  of — 

p.    Then  let  ;here  be  found  the  Roots  of  this  Equation,  jr'*:  • :  —  py.  — 

q:=z  o,  the  ikfhe  S^ns  beifig  ani&sed  to^  jmd  q  as  ui  the'BiqQadratic  £qua^ 
tion.  Now  thefe  Roots  may  eafily  be  found  by  help  of  the  Table  of  Sines. 
Thofe  three  Values  of  jr  being  found,  :(wbl^h  are  ihe.Ordinates  to  the  Axis 
of  the  Parabola,  from  the  Points  where  thje  Perpendicujars  fall  upon  the 
Curve,  that  IS  Z  Y,)  the  Quantity  jpj^:^  3  j)^  compofed  of  the  tefferRooc: 
y  will  exprefe  the  greateft  Value  of  r^  if  it  i«j— rrv  than^ which  '^  r  \^  kf$^ 
the  Equation  will  have  four  Roots,  erfierwife'but  two/  But  if  it  is  -f-r*  it 
muft  be  Icfs  than  gj^^.— ;pj%  c<)mpfiied  of  the  middleaoft^^'fot  if  it  be 
greater,  thfe>c  can  be  but  two  Roots,  at  leaft  if  r  be  lels  than  ij^  — /^ 
edmpofod.ofthe  grcadsftjr.  Buc  if  k  be\g^nJater  tUatl  this,  the' Equation  is. 
explicabk  by.  no  true  Rx^otat  all    NowLtbefe  falme  iimia  nvf  be  otherwif^ 

*  -     *  fiiafked' 
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aftrked.  Out  hy  the  QuinUty  j . .  TIm  is.  -r-  jj'  «—  ^r*  in  the  firft  Cife,  ^*  -; 

*-*-  qj  in  the-  fccond,  and  y^  ^  -—  J;f  in  the  third. 

But  it  may  happen  that  the  two  leffcr  Quantities  jr  ^tt  not  for  afundcr, 

fo  that  each  of  the  Perpendiculars  may  be  greater  than  the  Right  Line  G  A, 

4  8 

that  is,  when  jf  is  greater  than  —;p\  but  kfs  than  —:p\  the  Center  fal- 

ling  within  the  Space  intercepted  by  the  Paraboloids,  Fig.  51,  52.    In  this 

Cafe  if  it  iaf  -^  r,  there  can  be*  biJt  !two  Roots,-  the  Quantity  y*'-^  -^  ?  J^ 

compofed  of  the^rcatefty  being  greater  than  f,  otherwife  ngne  at  all..   But 

if  -^  qy  —  y^  compofed  of  the  leaft>  is  greater  than  r  havjog  the  Sign  — , 

and  r  is  greater  ttian-—  qy  — ^  j*  compofed  of  tht  mean  jr,  then  there  would; 

be  four  Roots  1  and  but  two  only  if  r  ihould  be  Richer  greater  than  the  for- 
mer or  lels  than  the  latten  ' 

But  in  the  Equation  if  it  fhould  be  *f-^,  or  if  it  h^^  p^jaii  qfgt^et 
8  II 

than  — ^pU  the  Eqpwion  y^  i*  :-^^Jf :— ^^4';=:  o,  is^^^li^abJe^^ooly  by 

MeKootjr,  duiti§v  one  Perpendiocilar  alone  c&h  be  let  fall  m>m  die  Gentet 
of  the  Circle.  Whence  we  toay  certainly  conclude,,  that  there  -can  bri  had. 
only  two  Roots  from  the  given  Equation,  thq  Sum  of  which,  if  it  is  —  r,. 
increales  with^die  (Quantity  r  •,  but  tf  it  is  -{-  /y  the  Qaantityjf  Witig  found, . 

riuitQjuteticy  /^tntift  be  1^  than  j*  rf-  ~  f  n    Fpr  tf;  «  iipp  gfcaicr^ .  tUfi 

propofed  Equation  will  be  abfurd  and  in^poflible. 

It  would  be  a  tedious  and  unneceflfary  Thing  to  run-through  all^heEqua*- 
tions  of  this  Sort,  fince  it  muft  be  evident  to  any  one  that  confiders  it,  what 
Roots  are  neg^jucive  and  what  affirmative )  and  that  the  Lrmit^  of  t^ie  Roots 
nay  be  had  iit>qi  tfa^  Quantities  j  being  found.  Yet  for^  an  Exampl?».  whloh 
may  be  imitated  in  others,  let  it  be  prppofed ,  to  find  tfje  Liipics  w  Condir  p. 
fions,  under  which  in  a  Biqi,jadratic  Equation  four  affirmative.  Rootjymay*  bp  '^ 
had.  Now  this  will  happen  as  often  as  the  Cenfer  of  the  CircieGri^.  placed 
-^  the  Space  V  P  K,  and  at  the  fame  Ti^^  there  iS;^:.^^  Pt  tbe,BLadiu$-c^ 
J  Circle  is  lefs  than.  G  D.  Whence  17  is  pjain  thpt  ..the;  Eqi^iaoo  W  .ane 
ating  of  nwft  be  of  this  Form  z^r^i;^^  ^pss^  —  a»rt-r.^o-V  •Buiip 

tinot  be  greater  than-g'  h  hy  nor  in  this  C^ip  7-^  /;*}  greater  than  rsjc  ^\  -r 

f  2  --^^  •  •    •    '    1 

q.     Alfo  it  is  neccflary  that  —  bb  —  — ^  drawn  into  V  —^ bb^^-^p 

\    ift  ix  gp'oaoer  xhm  "r  i^-  4^  "^  i  "^  — P^v  m^^hoax  i}k&  Limitatioas 

It 
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it  will  be  certain,  that  the  Center  will  be  found  "within  the  Space  VPK- 
Now  that  the  Quantity  r  may  be  determined^  we.  mud  firft  folvc  this  Cubic 

Equation/ :*:~-^i*^~i>;^=^*V+-^? g-^,  and  the  Points 

will  be  had,  upon  which  the  Perpendiculars  from  the  Center  will  fall  upon 
the  Curve  of  the  Parabola, 

^^  3 

Now  the  three  Values  of  this;?  being  found,  r  muft  be  lefs  than— ^  t^  + 

J-  tq T  ^*  P  +  3  J'*  "^  "T"  **  /  +P/>  compofed  of  the  middle  Va- 

lueof^,  and  greater  than  ~g^*  +  -^  *?  —  "^  **^+3;'*  — "Y^J'* 
+^  y »  when  compofed  of  the  lead  y.     But  if  r  exceeds  thefe  Limits,  there 

can  be  only  tw9  Roots.    Laftly  if'^**+"T  ^?  — Tg  **^  +  3J^*— i 

:|-  ^*y  +i>y,  when  compofed  of  the  greateft;^,  Ihall  be  lefs  than  r,  the 
Equation  is  unpoffiblei 

'  It  may  alfa  happen  that  there  are  four  "affirmative  Roots,  when  the  Cen- 
ter G  is  p\^e4,  in  the  little  Space  V  T  S,  drawing  R  T  S  perpendicular  up- 
on the  middle  of  the  Line  A  D.     This  happens  when  p  is  greater  than 

-^^i,  and  l^l^b-^psj^bb^-^pis  greater  than -f/3-^ 

^j  —  ~  J.    In  Which  Cafe  always  two,  and  fometimes  three,  of  the  Roots 

are  greater  than  —  i. 
4 

F^^u  But  here  k  muft  be  obferved,   that  Limit  produced  from  the  leaftjr  is 

ibtiietimea  ncJgative,  or  lefs  than  nothing ;  that  is,  whenever  the  greateft  of 
the  three  Perpendiculars  is  greater  than  G  D.  This  may  be  diminiflied  to 
nothing,  if  it  happens  to  be  -|-  r  from  the  prefcribed  Limit  compofed  of  the 
middlemoftj^.  And  the  Defeft  of  the  Limit  from  the  leaftj^  fliews,  how 
great  ^^  r  may  be  in  ^he  Equation,  if  there  are  three  affirmative  Roots  in 
the  Equation  and  one  Negative:  Which  if  it  exceeds,  there  are  only  two 
Koocs,  one  affirmative  and  one  negative.  All  thefe  Things  are  demonftrated 
from  hence,  that  the  aforefaid  limits  of  the  Quantity  r  are  the  Differences 
of  the  Squares  of  the  Line  G  D  and  of  the  Perpendiculars  upon  the  Curve 
of  the  Parabola. 

But  becaufe  of  the  intricate  Reftridions  which  the  Diverflty  of  Signs  pro* 
(duces  in  thtit  Equations^ .  it  hi  always  beft  to  take  away  the  iecond  Term,  and 

then 
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then  b^  the  Precepts  already  delivered  to  find  the  Number  of  the  Roots  and 
their  Signs  ;  erpeciallyjf  thofe  Quantities;^  are  not  far  remote  from  one  ano- 
ther.    Now  of  thefe  four  affirmative  Roots,  two  are  always  kfs  than  —  *, 

-  ..    4 

and  two  greater  j  that  is,  if  D  G  is  kfs  than  AG,  or  —  j^  ^  than  -^  ^^  -L 

4  .  ^4 

q.     But  three  of  them  are  lefs  than  —  ^,  as  ctfcea  as  the  middlemoft  Per*^ 

4 
pendicular,  or  that  found  from  the  middlemoft  ^,  is  greater  than  AG,  or 

-J-  it  greater  than  3y^  ^-^py*  computed  from  the  lame  middlcmoft jr.  But 

die  fourth  and  greateft  Root  is  greater  than  the  greateft  jr  -}-  — ^,and  b  equal* 

4 
tf>  the  Difierence  of  i^  and  the  Sum  of  the  other  three  Roots,  and  therefore  is 
lefs  than  i.  But  I  (hall  proceed  no  farther.  Perhaps  tbofe  who  have  a  greater 
Infight  into  the  Nature  of  the  Parabola  may  be  able  to  draw  all  thefe  Con- 
cluiions  more  compendioufly  i  but  it  may  well  be  doubted,  whethef  all  thefe^ 
Quaodties,  i^f^  ji,  and  r^  CMnbt  rightly  determined,  without  the  Solution 
Ma  Cubic  Equation.  For  whatever  can  be  done  in  this  Matter  by  plane 
l^quatioQSy  can  only  exhibit  Approximations)  and  not  the  true  Limits* 

XX.  Mr.  de  Lagnfy  has  lately  given  us  two  very  compendious  Rules  foriUEjursmm 
an  Appioximation  to  the  Cubic  Root  *,  one  of  them  rational,  and  the  other  ^^^'^'^(^ 

iirationaL.   That  is,  the  Root  of  the  Cube  «'  4-  i  is  between  a  4 rT^L^^*  Ed.  wkiJcy. 

3  ^  +*N.»lo.^l36. 
/^l     .  y  I  Mty,An.x694. 

andV  —  ^*  +  r-"  +  *:r«-    And  the  Root  of  the  fifth  Power  a»4-*  he 
■      4  3^        2  ■ 

I  /  /^i "  i         I 

tfcus  expreffes,  ~^  +  Vv-t-«*  +  7^— ~^*-  Now  the  aforefaid  Rules 

arc  denaonftrated  from  the  Genefis  of  the  Cube  and  of  the  fifth  Power.  For 
fuppofing  the  Side  of  any  Cube  to  be  ii  4"  ^  ^^^  ^^^  derived  from  thence 
wilfbei^-}-3ii*f-f'3^^*  +  ^'-  Sothatiftf*  befuppofed  aCubic  Num- 
ber which  IS  the  next  lefs  to  a  non-Cubic,  e^  will  be  lets  than  Unity,  and  the 
Remainder  or  i  will  be  equal  to  the  other  Members  of  the  Cube  3  a*  f  -)« 
3  ii  r^  4*  ^'.    And  e^  being  rejefted  becaufe  of  its  Smalinels,  it  will  be  ^  s 

^  ^+  3  ^  ^*-    And  fince  a^eis  much  greater  than  a  e\  -—t  will  not  much 

i  b 

ceed  tfj  and  puttings  =  — »'  '    ^  Ju^ae  ^^  ^^^^  ^^^  Quantity  i  \% 

zrlj  equal)  will  be  found  equal  to  j^grjH  =  iV"HF5  "^  3  tf^+i 

3  ^  tf 

-  eferc.    So  that  the  Side  of  the  Cube  41'  -)-^  is  equal  toa^i^sza^^ 

0h 
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\ 


ah 


r^>  nearly,  which  is  the  Ration^  Forin  oFMr.  deTaghej.  •  *Now  I^ 


a^  be  a  Cubic  Number  next  greater  than  the  given  Number,  the  Side  of  the 
.                                                       -ah  .  •     ' 

Cube  a} ^  by  a  like  Way  of  reafoning  will  be  found  a TZT*    ^^ 

this  Appf oxi««ari6n  to  the  Cubic  Root,  which  i»  very  eafy  and  expeditiotis, - 
makes  but  a  very  fmall  Error  in  defeft,.  fince  e  the  Remainder  of  the  Root 
found  hy  this  Means,  will  be  but  liule  lefs  than  the  true  Remainder..    Now: 
.the, irrational  Form  may  like  wife  be  eafily  derived  after  t|i?  l§mc  Manner^. 

For  becaufe  ^  =  3  a*. ^  +  3  ^  ^^  ^^Ti  ^^  ^  +  ^  ^    and   therefore. 

i^  the  Root  required.    And  after  the  fame  Manner  wHl'  be  had  —  ^  -f.- 

•  ^    ■    ,!♦  '  L"  ■     '  y  •  '  • 

V  —  < for  the  Side  of  the  Cub^  ^^  •—  ^,  Now  tlus  .^9519  approaches 

if.      *      3  ^ 
fomethifig  ncafrer  to  the  true  Root  than  the-  mfionSl  Fornix  e*ring  in  Exccft^ 
as  the  other  does  in  Defccft,  and  fecms  to^  be  more* con veriierit  for  Praftice^^ 
fince  the  R«ftkutionof  the  Calculation  is  nothing  eUe  butvtii*  continual  Aa.^ 

diaon  or  Sebtrt^ion  of  the  QBWtlty  j^^  as  the  liide  SuppHmoiU  ^  I)cc6ifie8 

known.    So  th?t  it  may  latiher  be  wrote  V  -7  «  -j — -77"  +  T ^intha- 

' 4  0^      •    2        -..4 

former  Cafe,  and  t   ^  +  V  —  ^*  +  -"T"T"  '^^  ^^^  Jft^t«'«    Now  by  citkcc 

2  •  4  3^  "^   -   .: 

Form  the  Figures  already  Imowa  in  ezti^a&iag  the  Root  are  at  lead  tripled^ 
which  I  believe  will  be  a. very  acceptable  Compendium  tb  Arithmcocians^ 
and  therefore  I  congratulate  the*  Inventor  upop  if.  But  that  the  Ufefulnefs 
of  tbefe  Rules  may  be  the  better  percei^^ed,  I  fiiall  add  an  Example  or  two.  * 

EMn^lell  Let  tiic  Side  of  the  double  Cube  be  fought,  or  make  a}^if 
=3  2.    Hepcc,tf  s;::  !•  i  =  1,  and  —  =  — >  and  therefore —  4-  V  ~>* 

or  I,  26  will  be  found  near  die  true  Root,    But  the  Cube  of  i,  26  is- 

/"  .                0,000276 
2,  000376,  and  therefore  o,  63  -f.  V  0,  3969 778"  ^  ^»  ^3  "^ 

\/o,  3968Q05291005291  5=2  L,  2599i-i^Q*9?95'-5  ^hich  exhibits  the  Skfe^ 
of  the  double  Cube  as  far  as  thirteen  Figures  with  litde  Trouble,  that  is,  by  one 
Divrfion  and  Extraftion  of  the  Square-root  1  whereas  had  it  been  found  by. 
the  cocoraon  Way  of  Operation,  every  Arithmetician  knows  what  Labour 
it  xiiult  have  cq(i:  him.    Now  this  Calculation  may  be  continued  at  Pleafere, 
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«» 


ty  iocreafiflg  the  ajuafirby  the  Addition  of  -—  :  Which  Cwreaion  rn  thk 
Cafe  brings  only  the  Incrcafe  of  an  Unit  to  the  fourteenth  Figure. 

Example  II.  Let  the  Side  of  a  Cube  be  fought,  which  is  equal  in  Mcafure 
to  a  Gallon,  containing  231  folid  Inches.  The  next  leflcr  Cube  i»  ai6. 
vhofe  Gibic  Root  is  6  =  <?,  and  the  Remainder  15  =  ^.    Therefore  for 

•    ^  / — -T' 

the  firft  Approximation  we  have  3-f's/9-F-|-  =  tothe  Root.    And  bc- 

cauie  </  9, 8333 . . .  =  3, 1358  ...  it  is  jt^in  that  6,  1358 la  a-f.^.  Now 
make  6, 1358  =  «,  and  we  fliall  have  its  Cube  231,0008^3894712,  and 

according  to  the  Rule  3,0679  +  ^41201041  —    Q'  o°°»53^9Jl5 

18,  4074 

=  6, 135792439^6' 95897>  which,  is  the  Side  of  the  given  Cube  very  ex- 
aaiy,  being  true  in  the  eighteenth  Figure,  and  felling  fliort  in  the  nineteenth  j 
which  Calculati<^I  perfofmcd  within  an  Hour V  Time.  Now  this  Form  is 
defervcdly  to  be  preferred  before"  rirer  rational  one,  which,  becaufe  of  its 
large  Divitor,  eaniMM  be  mapaged  wkhtot  ^  gre^t  deal  of  Trouble ;  whereas 
the  Extraftion  of  the  Square-root  proceeds  much  more  eafiiy,  as  manifold 
Experience  lias  ilnibrmed  me. 

Now  the  Rule  for  the  Root  of  the  pore  Surfolid,  or  of  the  fifth  Power, 
is  of  a  littk  bighcr-laquiry,  aiid  yet  perforrps  the  Matter  much  more  per- 
fcftly.  For  it  quintuples  at  leaft  the  given  Figures  of  the  Root,  nor  docs  it 
require  much  or  very  cjperofe  Calculation.  But  the  Author  has  no  where 
given  his  Method  of  Inveftigation  or  Demonftration  of  it,  tho'  it  fecmcd 
moft  to  be  wanting :  Efpecially  as  it  is  faultily  printed  in  his  Book,  which 
may  eafiiy  ntiiflaad  the  Unflcilful.  Now  the  fifth  Power  of  the  Side  aJ^i 
is  a»de  yp  of  thefe  Members  following,  a^-J^  ^a^eJ^ioa^  ^Jifioa^e^A^ 
5  4i^-|-^^=c ««-}-*;  whence  bzs^  5  a^ e ^  lo  a^  e  ^lo  a»>e^^  sae^-^' 

(rejedting  e^  becaufe  of  its  Smallnefi)  wherefore  —  =  ^u  -^2  a*  ^*  +  2  4 
e^^e^^  and  adding  —  a^  on  each  Side,  and  extrafling  the  Square-root,  it 

will  be  \/  — -  tf4  +-— ,  =  (V-—  a^Ar^a^  eJ^i  a*  e^4-  2  ae^4-e*  =W 

r  -       * 

►-}-<»  ^  4"  ^*    Then  fiibtrafting  —  a"  from  each  Side,  and  extrafting  the 


r^uaic-root  agiin,  vV---^*  +  T:;~"T"^*  =  C^—  «'  +  ^^  +  «*=) 
4  5  ^        4  4  '  '  .         ' 

-tf-f"^  towhiCbif  youadd— <^,  'tis^+^ss  — ^+^^~"^*+7i""~^* 

?RQOt  of  «be Power  4^4.^.    Now  if  U  had  beca^-^fe  (afliiiiiing  a 
Vol.  I.  N  greater 
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greater  than  it  ought  to  be)  the  Rule  would  have  been  thus,  'rr.tf-j- 

rTi — "T* — ; — 

a/V  —  ^* —  r-  —  —  4«tf  =  Rootof4^  — ^. 

4  5  ^        4 

And  this  Rule  approximates  wonderfully,  fo  that  there  can  fcarce  be  any 
Need  of  Reftitution.  And  upon  farther  confidering  this  Matter,  I  have 
fallen  upon  a  certain  general  Method  of  Forms  for  any  Power,  which  is  ele- 
gant enough,  and  which  I  cannot  prevail  upon  myfelf  to  conceal ;  fince  ia 
the  highpr  Powers  they  triplicate  at  leaft  the  known  Figures  of  the  R«)t* 

Now  thefe  Forms  proceed  after  this  Manner,  as  well  the  rational  as  the 
irrational. 

3^ r r  ab' 

ViqiT  ===  i /» +  V  i^H-7fl>  or  a  +  j^rijTTl? 

*        *. '      /      .         *  ,  ._a± 

VV^-p  =  ^  a  +  ^/ t  tf  tf  +  g?>  or  fl  +  ^j-^rqjp, 

.  And  fo  in  otber  higher  Powers.  Now  if  a  fhould  be  ailumed  greater  than 
the  Root  fought,  (which  would  be  done  with  Advantage  as  often  as  the  Power 
to  be  rcfolvcd  is  much  nearer  to  the  Power  of  the  integer  Number  that  is 
next  greater,  than  it  is  to  the  next  Icfler)  changing  what  is  to  be  changed) 
the'  fame  Expircffions  of  the  Roots  arife. ' 

*, ^  /  T"  aB 

8,  /  b'  ab' 

-/TTn-ai^  +  Vi--^-— »or-j-2rzrp'    . 

5      /  V  '    ah 


^^^^^  =  4a  +  V,V.«•-,7?' of-eT^Til' ^'• 


Now 
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Now  between  thefe  two  Limits  the  true  Root  always  confifts,  being  fomc- 
thing  nearer  the  irrational  than  the  rational.  But  e  found  according  to  the 
irrational  Formula  always  errs  in  Excels,  as  the  Quote  refulting  from  the  ra- 
tional always  errs  in  DefcQ: ;  ^therefore  if  it  is  -j-  K  the  irrational  gives  the 
Root  greater  than  %ht  Truth,  and  the  rational  lefs.  And  juft  the  contrary  if 
it  be  -»  ^,  And  this  may  fuffice  concerning  the  finding  of  the.  Roots  of  pure 
Poweis,  which  for  ordinary  Ufes  (and  accurately  enough)  may  be  done  more 
cafily  by  Help  of  the  Logarithms.  But  whenever  the  Root  is  to  be  extrafted 
very  accurately,  and  beyond  the  Reach  of  the  Logarithms,  we  muft  necefla- 
lily  have  Recourfe  to  fuch  Methods  as  thefe.  Bcfides,  as  from  the  Difco- . 
very  and  Confider^tion  of  thefe  Forms,  I  have  hit  upon  an  univfcrfarRulc 
for  affected  Equations,  which  I  believe  will  be  made  ufe  of  witk  good  Ad^ 
vantage  by  all  fuch  as'  at6  ftudious  of  Geometry  and  Algebra ;  I  was  willing ' 
to  lay  open  with  all  pofl5ble  Perlpicuity  the  Foundation  of  this  Dlfcovery. 

About  the  Year  1687  I  made  publicka  Method  then  newly  invented  by' 
me,  which  contained  a  neat  and  v^ry  eafy  general  Con'ftruftion  of  aiFe£ted. 
Equations,  not  beyond  Quadrato-quadratics ;  fince  which  Time' I  have  al- 
ways haa  a  very  flrongDefire  of  performing,  the  fame  in  Numbers.  A  littk 
after  that  Mr.  Raphfo»  ktmed  in  a  gobd  Mcafure  to  have  accompliflied.  my 
Wiflics  i  till  Mr.  de  Lagney  IhewcdTme,  by  his  little  Book  on  this  Subjeft, 
that  the  Thing  mi^ht  be  ftill  performed  more  compendioufly..  Now  my 
Method  is  this. 

Let  the'  Root  of  any  Equation  z  be  conceived  to  be  compoled  of  two 
Parts,  tf-^or  — ^,  of  which  let^  be  affumcd  (by  Suppofition)  as  near  as 
may  be  to  the  Quantity  z,  (which  is  convenient  indeed,  but  not  abfolutely 
neceflary)  and  of  the  Quantity  a  +  ekt  there  be  formed  all  the  Powers,  to 
which  z  arifcs  in  the  given  Equation,  to  which  let  their  Numeral  Coeffi- 
cients be  affixed  refpedtivtly.  Then  let  the  Power  to  be  refolved  be  fubtrafted 
firom  the  Sum  of  the  given  Parts  in  the  firft  Column,  where  e  is  not  found, 
which  13  caUed  the  Homoginetm  Comparationis^  and  Jet  the  DiflFercnce  be  +  b. 
Then  \tt  there  be  found  the  Sum  of  all  the  Coefficients  of  the  Side  e  in  the 
fecond  Cblumn,  which  let  be  s.  Laftly,  in  the  third  Column,  let  all  the 
Coefficients  be  added  of  the  Square  e  Cy  the  Sum  of  which  we  may  call  /. 
Then  the  Root  fought  z  will  be  had  in  the  rational  Form  z  =5  ^  + 

J*  ^-        u      •        •        IT-  ,    rJ  +  V^JJ-t-*/.         ,  .  , 

,  ,  , »  and  m  the  irrational  Form  2  =  ^  H = '^ — = — »    which 

Tiay  be  worth  while  to  illuftrate  by  Examples.  But  as  a  convenient  Help 
nay  be  proper  to  have  at  Hand  a  general  Table,  exhibiting  the  Genefis 

all  the  Powers  oia^e^  which  may  be  eafily  continued  farther  if  necefTary. 
ill  carry  it  on  to  the  fevcnth  Power,  becaufe  few  Problems  go  bevond 

X.    This  Table  may  juflly  be  called  a  general  Analytical  Speculum,  rfow 

t  aforefaid  Powers,  arifing  from  the  continual  Multiplication  pf  z  =;:  4  4*  ^t 

;  as  follows  with  their  Coefficients  adjoined. 

N  2  '        '    rx=: 
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i  /  i»  w  ;?         .  .  J'      . ,        •       •  . 

Now  if  it  ihould  be  tf  — ^  =  z*  the  Tabic  would  be  compofed  of  the 
fame  Parts,  but  only  the  odd  Powers  of  e  muft  be  negati ve^,  as  e^  e^^  t^^  ^^.. 
and  the  even  Powers  ^*,  e\  r^,  &ff.  muft  be  ftill  affirmative.  Let  thc5.um 
of  the  Coefficients  of  the  Side  e  be  denoted  by  j,  of  the  Square  e^  by  /,  of 
the  Cube  e^  by  «,  of  the  Biquadrate  e^  by  w,  of  the  Surfolid  i\  by  ;^,  of  the 
Cubo-cube  ^  be  jr;  and  fo  on.  And  as  ^  is  fuppofod  to  be  but  a  fmall  Part 
of  the  Root  required,  all  the  Powers  of  e  become  nruch  Icls  than  the  like 
Powers  oi  a^  and  therefore  for  the  firft  Pofition  the  higher  Powers  ipay '  be 
rejefted,  as  has  been  fhewn  in  pure  Ppwers ;  and  a  new  Equation  being 
formed,  we  Ihall  have,  as  faid  before,  i*  =  ±J^i/,^v  For  the  better 
vnderftanding  of  which  take  the  following  Examples ; 

Exanipli  L  Let  the  Equation  propofed  be  z*  —  3  z^^  ysz^fs  IQOO^ 
For  the  firft  Suppofition  make  a  =.  lo,  and  the  following  Equation  wilUnie. 

~*-=^  +  ^"^    i  4  ^'  ^   -f"  ^  ^*  ^*  i  4  ^  ^'  "1"  ^*.  ...  7 

—  dz^*s:=i — da^l^  idae^^    di"    "^ 

-^cz^^-^ca^        c  c  ,  \ 

=:  4-  loOQO  +  400  e  4-  600  ^*  +  40  J'  +  tf^ 

—  300  J-  60  *  —   3  tf 

+  750  ±    75' 

—  lOOOO 

s  f:  u 

The  Signs  +  ar^  left  in  Doubt  in  reipeA  of  i  and  /%  till  it  is  known  whe- 
ther e  is  negative  or  affirmative,  which  may  admit  of  fomc  Difficulty,  fincc 
in  Equations  that  have  many  Roots,  the  Homogeneum  Cotnparationis  (as  it  is 
called)  may  be  inctcafed  by  diminilhing  the  Quantity  a^  and  contrary-wife 
may  be  diminilbed  when  it  is  increafcd.  But  the  Sign  of  ^  is  determined  by 
the  Sign  of  the  Quantity  k  For  the  Refolvend  being  taken  away  from  the 
Homogeneum  formed  by  a^  the  Sign  of  j  ^,  and  therefore  of  the  Parts  pre- 
vaiKng  in  its  Compofition,  will  always  be  contrary  to  the  Sign  of  the  Dif- 
ference b.  Whence  it  will  appear  whether  it  fliould  be  —  ^  or  -}-  ^,  or 
whether  n  is  greater  or  leis  than  the  true  affumed  Root.    But  i  is  always 

equal 
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equal  to  r >  whenever  b  and  /  hare  the  faaie  Sign.    But 


or 


when  they  are  conneded  with  different  Signs,  then  the  fame  i  is  —^^ — • 

Now  after  it  is  found  that  it  muft  be  —  e^  in  the  affirmative  Parts  of  the 
Equation  let  e^  e\  e\  &^.  be  made  negative,  and  in  the  negative  let  them 
be  made  affirmative,  that  is,  let  them  all  be  wrote  with  a  contrary  Sign*  But 
if  it  be-j-^,  let  their  own  Signs  continue.  Now  in  our  Example  we  have 
10450  inftead  of  the  Refolvcnd  loooo,  or  ^  ==  +  450 ;  whence  it  appears 
that  a  was  taken  above  the  true  Root,  and  therefore  it  muft  be  —  ^.  Hence 
the  Equation  becomes  10450  <—  4015  e  ^  S97  ^  -*-*  40  e'  -f*  ^^  ==  loooo^ 
that  is,  450—4015  e^  597  ^*  =  o.  And  therefore  450  =  4or5  e  —  597  €% 

i  =af i ^— . / ^,  whofe Rbot  e- is ^'        ■    >  or  if  you  had  rather 

— 7  —  V  — r;  —  T  3  that  15*  in  the  prefcnt  Cafe  ^  = <^ — Jl;       — ^> 

±  i  A  ^  ^       ^  597 

iivhenoe  viles  the  Root  fpught  near  the  Truth  2;^:=s  9,  886.  Then  I  fubftitutr 
this  for  a  fecoiid  Hypothefis,and  there  arifes  ^4*<=:z=9, 886260^936495 .  • . 
veiy  accurately,  hardly  exceeding  the  Truth  by  2  in  the  laft  Figpre  \  that  is, 

^Jien  —  ^'^^ — mi-.  —  €.  And  even  this,  if  there  were  Occafion,  mfghlt 
be  verified  touch  farther,  by  fubtrafting  ^j^  ^,'^'^\  if  it  is  +  e,  or  adding 

^^^r^^ifitht^e,  from  or  to  the  Root  before  found:  The  Com- 

fmidium  of  which  k  fo  much  the  more  to  be  valued,  that  foretimes  m>ip 
the  firft  Suppofition  alone^  but  always  from  the  fecond,  you  may  continue 
the  Calculation  as .  far  as  you  pleafe,  by  keeping  to  the  fame  Coefficients. 
But  the  foregoing  Equation  has  alfo  a  negative  Root,  which  is  z=. — 
1P9. 26  • .  • .  ^ch  asy  one  that  pleafes  may  puriis^ 


Exam^ 
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Example  II.  Let  z'  —  1 7  j5»  +  54  2  =  ^c^o^  and  mafce  tf  s=  lO.    Then 
.according  to  the  Rule, 

2'  rr    i»'  -|-   3  fl*  ^  +  3  ^  ^*.-|^  ^' 

That  is,    -|-  1000  -|-  300  ^  +  3^  ^I  +  ^* 
;      '       —  1760  —  340  f  -^  17  / 

+    540+54^ 
—    350 


Or,  —    510+    14^-f. '3  ^* +  ^^  =  ^• 

Now  fmce  there  is  —  510,  it  is  plain  that  a  was  affiimed  leis  than  the 
Truth,  and  therefore  e  is  afiirmativc.     And  fix)m  5io=i4r-j-^3^%  ^^^^ 

anfes  — — ^-^ ^^  =  ^  = ^      '  >  whence 'tis  z  5=:  15,7. ;  .^" 

/  13  .  ^ 

Hvhich  is  too  much,  bccaufc  ^rwas  not  taken  n^ar  enough.  Therefore,  fecond^ 

Jy,  let  us  fappofe  a  =  15,  and  by  the  fame  Way  of  arguing  we  Ihall  hare 

^  — i -.  _ZI _i — t  J  and  therefore  z=  14,954058. 

/  ,  .28 

Now  if  we  would  renew  the  Calcijlation  a  third  Time,  we  fhoold  find  the 
Root  true  to  25  Figures.    But  if  we  arc  contented  with  fewer,  by  writing 

tb±^t^  inftead  of  / ^,  or  by  adding  or  fubtrafting   ,  ^  "^  ,r—  to  or  from 

the  Root  before  found,  we  fliall  foon  arrive  at  our  Puqwfe,    Now  jhe  pro- 
.pofed  Equation  cannot  be  explained  by  any  other  Root^  becauie  the  Power 

to  be  refolved  350  is  greater  than  the  Cube  of  — ^  or  — -  rf. 

Example  III.  Let  it  be.  that  Equation  which  the  leaned  WaXUs^  in  Chap. 
€2.  of  his  Algebra,  makes  ufe  of  in  the  Refolution  of  a  moft  difficult  Arith^ 
metical  Problem,  in  which  he  has  attained  the  Root  very  accurately  by  the 
Method  of  Vieta.  And  the  abovementioned  Mr.  Rapbjbn^  Pag.  25,  26. 
brings  the  fame  Equation  as  an  Example  of  his  Method.  The  Equation  is 
z*  -—  80  2'  -f-  1998  z*  —  14937  2  +  5000  =  o.  Now  this  Equation  is  of 
fuch  a  Form,  as  that  it  may  have  feveral  affirmative  Roots,  and  wh^t  in- 
crcafes  the  Difficulty,  the  Coefficients  arc  very  great  in  refpeft  of  the  given 
Refolvend.  Now  that  it  may  be  managed  the  better,  let  it  be  divided,  and 
placed  according  to  the  known  Rules  of  Punduation,  —  z*  -|*  ^  2;'  —  20 
^*  +  ^  5  ^  =  o,  5  ;  where  5:  is  but  one  tenth  Part  of  %  in  the  Equation 
propofed.    Then  for  the  firft  Suppofition  let  us  make  a^=i  \.     Where- 

orc  -^  2  — .  5  r  i—  2  ^*  4"  4  ^'  —  ^*  —  0,5  =  o.    That  is,  x  ^  =  5^ -f- 

2  e^y 


fc 


_     (91)      

2  ^,  and  hence  —5 L. =  ^  =  — 2i 2,  and  diercfore  z  sr 

.  ^  4  * 

1,27.  Hence  it  apppears,  that  12,7  is  the  Root  of  the  propofed  Equation 
-pretty  near  the  Truth.  Now,  in  the  fccond  Place^  let  it  be  fuppofed,  that 
%  =  12,7,  and  according  to  the  Table  of  Powers, 

—  26014,  4641  —    8 193,  532  e  —    967,  74  e"  —  50,  8  ^'  -^  ^* 
+  163870,  640,  +  38709,  60.  ^  -f.  3048,  • .  f*  +  80,  .  i^ 

—  3^2257,  42  • .  —  50749J  2  . .  ^  —  1998, . .  ^* 
+  189699,  9 ...  4- 14937,  ...  ^ 

^—      5000,  ....     

-J-  298,6559—     5296,132^-1-         82,  26  ^*  -{"  ^9>  ^  ^'  ^♦SKO 

i  St  u 

Therefore —  298,6559  =  — 5296, 132  e^Zz^zS  g«,  whofe  Root  e  ac* 

^  .   .  t  J  —  V  •  J  ^  ^fi      2648,066  —  ^6087686,106022 
coding  to  Rule  IS ~i- = j^-^ 

zsz  o,  05644080331 . 4 . .  =  ^  Ids  than  the  Truth.    Now  that  it  may  be 

-,   ,   i  « <'  —  ^*       o,  0026201 . .  -.  t  ^     ^^ 

corrc6ted,  \  —  or  -4 bcconaes  o,  00000099117,   and 

W^i/—*/      2643,423 

therefore  ^  correfted  will  be  o,  05644179448.  Now  if  more  Figures  of  the 
Root  be  wanted,    of  e  corrected  let  there  be  formed  ru  e^^^i  g^=s: 

o,  43»<^5«02423 ,    then ^ ^ ! > 

2648, 066— s/  6gSy685j  6yj^g6s97S17  -  -  >  ^  c  ^ 

or  — ^^-^ — Z^^J^JJ. —  0,05644179448074402 

=  e.  Whence  a  -j-  ^.  =  2,  or  the  Root  very  acciHately  comes  out 
12,75644179448074402,  fuch  as.  was  found  by  Pr.  JVaUis  in  the  Place 
above  quoted.  Here  it  may  be  obferved,  that  the  renewing  of  the  Calculus 
always  triplicates  the  true  Figures  in  the  affumcd  vj,  which  the  firft  Gor- 

reftion,  or  '  ^        ===■>  makes  quintuple,  which  Operation  is  eafily  per- 
formed by  the  Logarithms.    The  other  Correftion  after  the  firft  alfo  adds  a 
double  Number  of  Figures,  fa  that  in  the  whole  it  makes  the  aflumed  Fi«> 
gures  fevenfold.     But  the  firft  generally  is  abundantly  fufficient  for  all  the 
"fes  of  Arithmetiek.    But  what,  is  here  faid  about  the  Number  of  Figures 
ghtly  affumed  in  the  Root,'!  would  have  fo  underftood,  thiat  when  a  is 
ftant  from  the  true  Root  not  above  a  tenth  Part,  the  firft  Figure  may  be 
^htly  affumed ;  if  'within  an  hundredth  Part,   the  two  firft  Figures ;  if 
bin  a  thoufandth  Part,  the  three  firft  Figures  may  be  true.    Then  when 
^aged  according  to  our  Rule,  the  true  Figures  will  immediately  becon\c 
ne» 
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It  remains  that  I  flxould  add  a  Word  or  two  concerning  our  rational  Form, 

sb 
e  r=  — xn^  which  will  feem  expeditious  enough,  and  not  much  inferior 

to  the  former,  fmce  it  is  able  to  triplicate  the  given  Figures.  For  an  Eq^j^ 
tion  being  formed  of  ^Ip^;:^  2;,  as  before,  it  will  ibon  appear  whecbef  chc 
affumed  a  be  greater  or  lejs  than  the  Truth,  fince  s  e  muft  always  have  a 
Sign  contrary  to  the  Sign  of  the  Difference  of  the  Refolvend,  and  of  its  Uo^ 
mogeneum  produced  of^n.  Then  luppofing  that  -^bH^s i -^t  t  zslo^  the 
Divifor  becomes  j  j  —.  /  ^  a$  often  as  b  and  /  have  the  fame  Sign.  But  it 
becomes  ss^bt'xi their  Signs  are  different.    But  it  feexns  more  accommD^ 

b       • 
dated  toPra£Hce  if  the  Th^K>rem  were  writien  ^  =  "~"*yj  ^    for  then   the 

5 
Thing  would  be  performed  by  one  Multiplication  and  two  Divifions,  which 
otherwtfe'wofoid  require  |:htee'Muitiplication&  and  one  Divi^oft.  Let  os  alfo 
cake  an  Example  ot^  this  Method  from  the.  Root  of  the^  fbregoing  Equation 
rr,  7 . . .  xu  which  298^,  6559,  —  5296^  rj^  eJ^  »2,  x6  ^ 4*  ^9»  a  ^ » —^ 
-|-*  —J  +^  +« 

b  fi, 

«z  o^  aiul  therefore       ^stA   That  is.  Jet  it  be  j  to/ fo-^te^— 55:5296, 

s 
13O  '^^\^SS^  into  82,36(4,63875.    Wherefore  theDiyifor  becomes 

tb  ,  , 

^=  —  =^S'^9^^  493*5  -  0  29»i  (>ss^  (0^056441  • . .  =  ^,  that  is,  five 

true  Figures  added  to  the  affumed  Root.  But  this  Formula  cannot  be  cor- 
reAed  as  the  fore^ing  iuatianal  one ;  fo  that  if  more^Eigi^  of  the  Root 
are  defired,  it  is  better  to  repeat  the  Calculation  by  making  a  new  Afliunp- 
lion  J  and  the  new  Qaoiient,  by  triplicating  die  known  Figures  in  the  Rok)^ 
will  abundantly  iatbfy  evcr^  the  moft  fcrupulous  Computer^ 

AUnUd^f        XXI.  "tbtartm.'X  azX-  ^  2f  4-  r  %'  4-  dz"^  +  e  z''  -4-  f%^ 
t^" 4.?«^  +  ^z»  +  ,«^i£'c.)-  =  a-  :.-  +  -jfl--' 3 «-f 

N.  130  ^ 619,4.  T  >^  ~T^  ^   ^^  *"*  +  ^  X  —r-  X  —T-  a«r-*  V  %"+' 

JqI.  An.  1697.      •12  ■      I  2  3 
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•  .    I     **     I 

— i.  y  ■■  ■   —    tf" 

+-7 


»   ^-«e 


*  -*     •        3  4  5 
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+  ^  ^  ==I.  X  2f-N  =f  ,<  "-f*  K  ^  "'- *•- ' 

J_  —    —V''  ■     '-■  V  — — / V   X  ~~~~  "^    *  ^tf 

«ifr*-i      «»--?      »--3.   „_^  ,,  , 


1 

+  -^x-7-x-p«»  'bed- 

f*       '     ?» i        W-r-2  .     . 

.4- -1 —  X  — 
•  '      I  I 


m        _ 


•  +-7-^"""'^,  &c. 

r  fbppofc  Aat  the  Irifiijite  dumber  Multinomial  haz^bzz-^-cz^  Jf* 
/2j4  -|-  ^  z\  6?r.  w  is  tlw  Index  of  the  Power,  to  which  this  Multinomial 
ought  to  be  raifcd ;  or,  if  you  will,  *tis  the  Index  of  the  Root  which  is  to 
be  extrafted:  I  fay.  That  this  Power  or  Root  of  the  Multinomial .  is  fuch  a* 
Series  as  I  have  expreffed. 

For  the  underftanding  of  it,  it  is  only  neceflary^  to  confider  all  the  Terms 
by  which  the  fame  Power  of  z  is  multiplied  5  in  order  thereto,  I  diftinguifh 
two  things  in  each  of  thefc  Terms ;  i^.  The  Produft  of  certain  Powers  of 
the  Quantities,  ay  b^  r,  d,  6?f .  2®.  The  Unciae  (as  Oughtred  calls  them)  pre- 
fixed to  thefe  Produfts.  To  find  all  the  Produfts  belonging  to  the  fame  Power 
of  z,  to  that  Produft,  for  Inftance,  whofe  Index  is  i»  -|-  r  (where  r  may. 
denote  any  Integer  Number)  I  divide  thefe  Produfts  into  feveral  Claflcs  ; 
tKofe  which  immediately  after  fomc  certain  Power  of  a  (by  which  all  thefe 
Elt)du6ts  begin)  have  b^  I  call  Produfts  of  the  firft  Claflis  ;    for  Example, . 
ij»""4  b}  e  is  the  Produft  of  the  firft  Claflis,  becaufe  b  immediately  follows 
'^"^^  V  thofe  which  immediately  after  fome  Power  of  a  have  f,  I  call  Pro- 
€lu6ls  of  the  fecond  Claflis,  fo  «"""'  cc  d^  is  a  Produft  of  the  fecond  Claf- 
fis ;  thofe  which  immediately  after  fome  Power  of  a  have  d^  I  call  Produdts . 
afithe  third  ClaiEs  j  and  fo  of  the  reft. 

This 
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This  being  done,  I  multiply  all  theProdudls  belonging  toV**'"^*  (which 
precedes  immediately  2™+')  by  b^  and  divide  them  all  by  ^ ;  2^.  I  multiply  by 
f,  and  divide  by  a^  all  the  Produfts  belonging  to  2"4-'^~'%  except  thofe  of 
the  firft  Claffis  v  3^- 1  multiply  by  d  and  divide  by  a,  all  the  Produdts  belong* 
ing  to  2"+'~^,  except  thofe  of  the  firft  and  fecond  Claffis:  4^.  I,multipTy 
by  €  and  divide  by  a^  all  the  Terms  belonging  to  z^+'^^s  except  thofe  of 
the  firft,  fecond,  and  third  Claffis,  and  fo  on,  till  I  meet  twice  with  the 
fame  Term.  Laftly,  I  add  to  all  thefe  Terms  the  Produdl  of  tf""~*  into 
the  Letter,  whofe  Exponent  is  r-|-  i. 

Here  I  muft  take  notice,  that  by  the  Exponent  of  a  Letter,  I.  mean  the 
Number  which  expreffes  what  Place  the  Letter  has  in  the  Alphabet :  So  3  is 
the  Exponent  of  the  Letter  r,  becaufe  the  Letter  c  is  the  3d  in  the  Alphabet. 

It  is  evident  by  this  Rule,  you  may  eafily  find  all  the  Produds  belonging 
to  the  fcveral  Powers  of  2,  if  you  have  but  the  Produdl  belonging  to  z^, 
viz.  tf°*. 

To  find  the  Uncise  which  ought  to  be  prefixed  to  every  Produft,  I  conG* 
dcr  tb&  Sum  of  Units  contained  in  the  Indices  of  the  Letters  which  compofe 
it  (the  Index  of  a  excepted)  I  write  as  many  Terms  of  the  Series  mY,m  —  r 
X  »  —  2  xw —  3,  &c.  as  there  are  Units  in  the  Sum  of  thefe  Indices ;  this 
Scries  is  to  be  the  Numerator  of  a  Fraftion  whofe  Denominator  in  the  Produdt 
of  the  feveral  Series  1X2x3x4X5*  ^^-  iX2X3X4X5»  ^^-  iX2X3X4X5X6f 
(dc.  the  firft  of  which  contains  as  many  Terms  as  there  are  Units  in  the  In- 
dex of  by  the  fecond  as  many  as  there  are  Units  in  the  Index  of  f ,  the  third 
as  many  as  there  are  Units  in  the  Index  of  J,  the  fourth  as  many  as  there  arc 
Units  in  the  Index  of  ^,  &c. 

Demanfiration.']  To  raife  the  Series  az'\'bzz'\-cz^'^^dz\  &c.  to 
any  Power  whatfoevcr,  write  fo  many  Series  equal  to  it,  as  there  are  Units  ia 
the  Index  of  the  Power  demanded.  Now  it  is  evident  that  when  thefe  Series 
are  alfo  multiplied,  there  arc  fcveral  Produfts  in  which  there  is  the  lame 
Power  of  z  \  thus  if  the  Series  aZ'^^bzZ'\-cz^-\-dz\  &c.  is  raifed  to  its 
Cube,  you  have  the  Produfts  b^  z%  abczy  iiadz\  in  which  you  find  the 
fame  Power  z'\  Therefore  let  us  confider  what  is  the  Condition  that  can 
make  fome  Prtxlufts  to  contain  the  fame  Power  of  z ;  the  firft  thing  that  will 
appear  in*  relation  to  it,  is,  that  in  any  Product  whatfoever,  the  Index  o(z  is 
the  Sum  of  the  particular  Indices  of  z  in  the  multiplying  Terms  (this  follows 
from  the  Nature  of  the  Indices):  thus  b^  z^  is  the  Produft  of  bz*j  bz*^* 
h  «*,  and  the  Sum  of  the  Indices  in  the  multiplying  Terms,  is  2  -|-  2  -|*  2 
=  6 ;  ab  cz^  h  the  Produft  of  a  z^  bzZj  c  z\  and  the  Sum  of  the  Indi- 
ces of  2;  in  the  multiplying  Terms  is  i  4-  2  -|-  3  =  ^  »  a  a  d2^  is  the  Pro- 
dud  of  ^  2?,  aZj  dz\  and  the  Sum  of  the  Indices  of  z  in  the  multiplying 
Terms  is  1  -}-  '  +4  =  6.  The  next  thing  that  appears,  is,  that  the  In- 
dear  of  z  in  the  multiplying  Terms  is  the  fame  with  the  Exponent  of  the  Let- 
ter to  which  z  is  joined  :  From  which  two  Confidcrations  it  follows,  that,  to 
have  all  the  Producfh  belonging  to  a  certain  Power  of  z,  you  muft  find  all 

O  2  the 
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the  Produfts  wffere  the  Sum  of  the  Exponents  of  the  Letters  which  compofc 
them,  fhall  always  be  the  lame  with  the  Index  of  that  Power.  Now  this  is* 
the  Method  I  ufe,  to  find  eafily  all  the  Produdls  belonging  to  the  fame  Power 
of  z,  let  m-^-r  be  the  Index  of  that  Power,  I  confider  that  the  Sum  of 
the  Expqnents  of  the  Letters  which  compofc  the  Products,  muft  exceed  by 
I,  thofe  which  belong  to  2'"+"""^  :  Now  becaufe  the  Excefs  of  the  Ex- 
ponent of  the  Letter  ^,  above  the  Exponent  of  the  Letter  tf,  is  i,  it  follows, 
that  if  each  of  the  Produds  belonging  to  z'"+'~'  is  multiplied  by  t^  and 
divided  by  ^,  you  will  have  Prod ufts,  the  Sum  of  whofe  Exponents  will  be 
i»  4" '' »  hkcwife  the  Sum  of  the  Exponent  of  the  Letters  which  compofe 
the  Produfts  belonging  to  %""+'  exceeds  by  2  the  Sum  of  the  Exponents 
of  the  Letters  which  compofe  the  Products  bejonging  to  2'"+^'~* :  Now  be- 
caufe the  Exponent  of  the  Letter  a  is  lefs  by  1  than  the  Exponent  of  the  Let- 
ter r,  it  follows,  that  if  each  Produft  belonging  to  z'"*'^'*  is  multiplied 
by  r,  and  divided  by  a^  you  will  have  other  Produds,  the  Sum  of  whofe 
Ejcponents  is  ftill  m-\-r:  Now  if  all  the  Produdls  belonging  to  2"+'""* 
were  multiplied  by  c  and  divided  by  a,  you  would  have  fome  Produds  that 
would  be  the  fame  as  fome  of  them  found  before  ;  therefore  you  muft  except 
out  of  them  thofe  that  I  have  called  Produdbs  of  the  firft  Claffis.  What  I  have 
-  faid  fliews  why  all  the  Produfts  belonging  to  2'"+^"^^  except  thofe  of  the 
firft  and  fecond  Claffis,  muft  be  multiplied  by  dy  and  divided  by  a.  Laftly, 
you  fee  the  Reafon  why  to  all  thefc  Produds  is  added  the  Produft  of 
a^^^'  by  the  Letter  whofe  Exponent  is  r*|-  i  j  'Tis  becaufe  tlie  Sum  of 
the  Exponents  is  ftill  fw  -j-  r. 

As  for  what  relates  to  the  Uncise ;  oblerve,  that  when  you  multiply  a  z  -j-,. 
bzz-^cz"^  Jf-dz^  &c.  by  az-\-bzz'^cz^'^dz^^  &c.  each  Letter, 
tf,  ^,  Cy  d^  &c.  of  the  fecond  Series,  is  multiplied  by  each  of  the  Letters  a^  b^  f,  d^ 
&c.  of  the  firft  Series.  Thus  the  Letter  a  of  the  fecond  Scries  is  multiplied. 
by  the  Letter  b  of  the  firft  Series,  and  the  Letter  b  of  the  fecond  Series  is 
multiplied  by  the  Letter  a  of  the  firft ;  therefore  you  may  have  the  two  Planes,. 
ab^ab^or  2  ab'y  for  the  fame  Reafon  you  have  2  ^ r,  2  ^  J,  &c.  Therefore 
you  muft  prefix  to  each  Plane  of  thofe  that  compofe  the  Square  of  the  Infinite 
Scries  az+  bz'\-cz^^  &c.  the  Number  which  expreffes  how  many  Ways. 
ihe  Letters  of  each  Plane  may  be  changed  ;  likewife  if  you  mult/ply  the  Pror 
du&  of  the  two  preceding  Series  hy  a  z-^bzz-^- cz\  each  Letter,  j,  ^,  r,  dj 
of  the  third  Scries,  is  multiplied  by  each  of  the  Planes  formed  by  the  Produd  of 
the  firft  and  fecond  Series :  Thus  the  Letter  a  is  multiplied  by  the  Planes  b  c  and 
iby  the  Letter  b  is  multiplied  by  ^i  ^  and  r  j  ;^  the  Letter  c  is  multiplied  hy  ab  and 
bav  therefore  you  have  the  fix  Solids,  a  b  Cy  a  c  b^b  a  c^b  c  a^  c  ab^  c  b  a^  ox  fix 
abci  Therefore  you  muft  prefix  to  each  Solid  whereof  the  Cube  of  the  Infi- 
nite Series  is  compofcd,  the  Number  which  expreffes  how  many  Ways  the 
Letters  of  each  Solid  may  be  changed;  and,  generally,  you  muft  prefix  to 
any  Produft,  whereof  any  Power  of  the  Infinite  Series  tf  z-j- ^  z  2 -{- ^  ^2^ 
&c.  is  compofed,  the  Number  which  expreffes  how  many  ways  the  Letters 
of  each  Produft  may  be  changed. 

Now' 
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Now  to  find  how  many  Ways  the  Letters  of  any  Produft,  for  inftance> 
^n-»^  cP^,  may  be  changed*,  this  is  the  Rule  which  is  commonly  given  : 
Write  as  many  Terms  of  the  Series  1x2x3X4X5?  fcfr.  as  there  are 
Units  in  the  Siffti  of  the  Indices,  viz.  m  —  n-^b-^-p^r^f  let  this  Se- 
ries be  the  Numerator  of  a  Fraftion,  whofe  Denominator  fhall  be  the  Pro- 
daft  of  the  Series,  i  X  2  X  3  X  4  X  5»  ^^.  i  X  2  X  3  X  4  X  5»  6?^-  i  X 
a  X  3  X  4  X  5  X  6,  6ff.  I  X  2  X  3  X  4  X  5»  ^^.  whereof  the  firft  isto  con- 
tain as  many  Terms  as  there  are  Units  in  the  firft  Index  m  —  «  5  the  fecond 
as  many  as  there  are  Units  in  the  fecond  Index  b  5  the  third  as  many  as  there 
are  Units  in  the  third  Index  ^ ;  the  fourth  as  many  as  there  are  Units  in  the 
fourth  Index  r.  But  the  Numerator  and  Denominator  of  this  Fraction  have 
a  common  Divifor,  viz.  the  Series  ofiX2X3X4X5»  ^c.  continued  to 
fo  many  Terms  as  there  are  Units  in  the  firft  Index  i»  —  »;  therefore  let 
both  this  Numerator  and  Denominator  be  divided  by  this  common  Divifor, 
then  this  new  Numerator  will  begin  with  w  —  »-f-  i,  whereas  the  other 
began  with  i,  and  will  contain  fo  many  Terms  as  there  are  Units  in  b-^^p 
-j-r,  that  is,  fo  many  as  there  are  Units  in  the  Sum  of  all  the  Indices  ex- 
cepting the  firft :  As  for  the  new  Denominator,  it  will  be  the  Produft  of 
three  Series  only ;  that  is,  of  fo  many  as  there  are  Indices,  excepting  the 
firft.  But  if  it  happens  withal,  that  n  be  equal  to  i&  -j-^  +  ^»  ^s  it  always 
happens  in  our  Theorem^  then  the  Numerator  beginning  by  w-^»-j-  i,  and 
being  continued  to  fo  many  Terms  as  there  are  Units  in  i&-|-p-|-r  or  », 
the  iaft  Term  will  be  »  neceflarily :  So  if  you  invert  the  Scries,  and  make 
that  the  firft  Term  which  was  the  Iaft,  the  Numerator  will  htmxtn  —  i 
X  m-^i  \m  —  3,  fcfr.  continued  to  fo  many  Terms  as  there  are  Units  in 
the  Sum  of  the  Indices  of  each  Produft,  excepting  the  firft  Index.  And 
i?hatevcr  is  here  faid  of  Powers  whofe  Index  is  an  Integer,  may  be  adapted 
to  Roots  or  Powers  whofe  Index  is  a  Fraftion. 


XXII.  Theorem.']  \( az-^-hzz-^-cz^ '\'dz^^e  z"^  +/^^  ^^*  =gyrse Extraaun 

ff  of  a  Root  of  an 

+^7jy4-*/  +  *r  +  0^  +  ««/>^f-  then  wm2be  =  -f-j-+;2j«';j^';j^^- 

h~hhK    .    ,    /_2^AB  — rA'    ,    ,^-»BB~.2^A  C^t^t^^.-^.- 

y  »  ~r  ~ ~  J     ~l  May,  An.  1698. 

3f  AAB </A*  ,  ,  /— 2^BC  — 2  ^  AD—gf  ABB  —  gcAAC 

«  J'  "r  ^ 

-  ^A»B— *A'.«--2^BD  — ^CC  — 23AE  — <rB' 

-     -f-\ 

-  ABC— 3f  AAD— 6iAABB-.4iAC— s^A+B— /A*   5   - 

— — — ■  ■  J   >    ^^« 

a 
\  -*■  the  underftanding  of  this  Scries,  and  in  order  to  continue  it  as  far  as 
wc  pfcafc,  it  is  to  be  obferved,  i.  That  every  Capital  Letter  is  equal  to  the 
1    Co  Bcient  of  each  preceding  Term  ;  thus  the  Letter  B  is  equal  to  the  Coeffi- 

cienc. 


(  «oi  ) 

h  m^i  A  A 

cicnt  — "    2.  That  the  Denominator  of  each  Coefficient  is  always  a, 

a 

3.  That  the  firft  Member  of  each  Numerator  is  always  a  Coefficient  of  the 
Serks  gy-^kyy'\'iy\  &c.  viz.  the  firft  Numerator  begins  with  the  firft 
Coefficient  gy  the  fecond  Numerator  with  the  fecond  Coefficient  b^  and  fo 
on.  4.  That  in  every  Member  after  the  firft,  the  Sum  of  the  Expo- 
nents of  the  Capital  Letters  is  always  equal  to  the  Index  of  the  Power 
to   which   this    Member  belongs  :     Thus,     confidering   the    Coefficient 

*  — *BB  — 2*AC  — 3f  AAB  — ^A*      , .  ,  ,   ,  ,     ^ 

f  ^ ■" — y  which  belongs  to  the  Power*, 

we  (hall  fee  that  in  every  Member  *  B  B,  2  *  A  C,  3  r  A  A  B,  ^  A%  the 
Sum  of  the  Exponents  of  the  Capital  Letters  is  4,  (where  I  muft  take 
notice,  that  by  the  Exponent  of  a  Letter,  I  mean  the  Number  which  ex- 
prefles  what  place  it  has  in  the  Alphabet  j  thus  4  is  the  Exponent  of  the  Let- 
ter D)  hence  I  derive  this  Rule  for  finding  the  Capital  Letters  of  all  the 
Members  that  belong  to  any  Power  j  Combine  the  Capital  Letters  as  often  as 
you  can  n^^ke  the  Sum  of  their  Exponents  equal  to  the  Index  of  the  Power 
to  which  they  belong.  5.  That  the  Exponents  of  the  fmall  Letters,  which 
are  written  before  the  Capitals,  exprefs  how  many  Capitafe  there  are  in  each 
Member.  6.  That  the  Numerical  Figures  or  Unciae  that  occur  in  thefe 
Members,  exprefs  the  Number  of  Permutations  which  the  Capital  Letters  of 
every  Member  are  capable  of. 

For  the  Demonftration  of  this,  Suppofe  iz;  t=  A;?  -j-  B  yy-^-Cy^  -j-  Djr*, 
6fr.  Subftitute  this  Series  in  the  room  of  z,  and  the  Powers  of  this  Series 
in  the  room  of  the  Pt)wcrs  of  z,  there  will  arifc  a  new  Series :  Then  take  the 
Coefficients  which  belong  to  the  feveral  Powers  of  jr  in  this  new  Series,  and 
mak^e  them  equal  to  the  correfponding  Coefficients  of  the  Series  gy-^-byf 
4"  h^y  S2:c.  and  the  Coefficienta  A,  B,  C,  D>  &fir.  will  be  found  fwch  as  I  have 
determined  them. 

But  if  any  one  defires  to  be  fatisfied,  that  the  Law  by  which  the  Coeffici- 
ents are  formed  will  always  hold,  Pll  defire  them  to  have  recourfe  to  the 
5iff.xxi.  Theonm  I  have  given  for  Raifing  an  Infiniu  Series  to  any  Power^  or^xtrading 
any  Root  of  the  fame  5  for  if  they  make  ufe  of  it,  for  taking  fucceffively  the 
Powers  of  Ay  -}-  Byy  +  C;'',  &c.  they  will  fee  that  it  muft  of  neceffity  be 
id  1  might  have  made  the  T^heorem  I  give  here  much  more  general  than  it 
k;  .fef  I  might  have  fuppofed,  tf  »"-4"*^""''* +^^"**  4-^^°*'»  ^^-  = 
|^j^"  +  A^"'+'  4"^.y"**»  ^^-  ^^^^  **^  ^^  Powers  of  the  Series  Ay -f-Bjrjr 
4r  Cy\  fc?^.  defigned  by  the  univerial  Indices,  muft  have  been  taken  fuc- 
ceffively ;  but  thofe  who  will  pleafe  to  try  this,  may  eafily  do  it,  by  means 
of  the  Theorem  for  raifing^an  Infinite  Series  to  any  Power,  fcfr. 

This  Theorem  may  be  applied  to  what  is  trailed  the  Reverfion  of  Series  j 
fuch  as  finding  the  Number  from  its  Logarithm  given  \  the  Sign  fix)m  the 
Arch ',  the  Ordinate  of  an  EUipfe  from  an  Area  given  to  be  cut  from  anjr 
Point  in  the  Axis :  But  to  make  a  particular  Application  of  it,  I  will  fuppofe 
we  have  this  Problem  to  folve  5  viz.  The  Chord  of  an  Arc  being  given^  to  find 

the 


(  »oj  ) 

tie  Wiri«fmolhtf  Art,  that  JkaU  ie  to  tbejirft  is  a  h  i.    Lftt  /  be  the 
ChoH  gJven,  z  the  Chord  l*quired ;  now  the  Arc  belortging  to  th<  Chord  i 

'^  +  tdd'^~^d*'^  Tial*'  ^'  ^^  ^^^ ^^  belonging  to  the Choida 
as  I  to  » ;  therefwe  multiplying  the  Extremes  and  Means  together,  we  fhall 

•     C6fla|)are  d^  fWi>  Scries  with  the  two  Series  of  the  Theorem,  and  you 
willfind^pi,  *  =  o,  f  =  g^  J  =  o,  ^=^~^^f=Oy  &cc.gz=zn, 

i=o,  g sr  >   . ^  i=so,  /=         j>m:=zOy  &c.  Hence 2  will  be  =  «^ -^ 

-jyj-jrJ,  Qftf,  or  a;^  +  2  vT  ^  ^^-^  -^»  ^^*  fuppofing  A  ta  denote  the 

whdc  preceding  Term  5  which  will  be  the  fame  Series  as  Mr.  Newton  has! 
firHfoctod.. 

fty  tftc  feme  Method  this  general  Problem  may  be  fblved :  The  Abfcifs  cor^ 
nffcniing  to  a  cmdih  Area  in  any  Curve  being  given^  to  find  the  Abfcifs  whbfe 
mrefponding  Aria^aXl  be  to  thefirft  in  a  given  Ratio. 

The  Logartthmiti  Series  might  alfo  be  found  without  borrowing  any  othet 
Hea,  than  that  Logarithms  are  the  Indices  of  Powers :  Let  the  Number, 
whofe  Logarithm  we  enquire,  be  i  -{-  2  5  fuppofe  its  Log.  to  be  aZ'^bzz-^ 
fz*,  &c.    Let  there  be  another  Number  1 -+-J;   therefore  its  Logarithm 

will  be  ay-^^byy-^^cf,  &c.  Now  if  i-|^z=  ^"f'J''  ^^  follows  that 
az^z  z-^cz'f  &c.  ;  ay^byy^cy\  &c.  : :  w  m  ;  that  is,  az-^b  z  z-j- 
cz\Bic.  =inay^nbyy^\'ncy\  &c,  therefore  we  may  find  a  value  of  2; 

n 

opreiled  by  the  Powers  of^.  .Again,  fince  1+2=1  -{- j^^  therefore 2; 

-   4    /  ,     .  .  n     n—i       ^   n    n^i     »— 2 

=      -  irf-_i  J  that  IS,  z=ny4^  X  "T-JI^J^+tX  "^r*"  X~r"J''>  ^-  There- 

I  z  I  »  ^ 

foi  ^  .w  doubly  expreffed  by  the  Powers  of  y.    Compare  ihefe  two  Values- 

tOj  the^r  and  thc  Coefficients  tf,.^,  r,,&c,  will  be  determined,  except  the 
fir  ich  may  be  taken  at  pleafurc,  and  gives  accordingly  all  the  diffe- 

rt  ^-^cies  of  Logarithms* 

u.  You  need  be  no  longer  in  Concern,  how  the  infinitefiinal  DifFe-zj^ffrrtwe^^j^- 
in    -  jf  InSnitefimals  are  to  be  explained.    For  as  you  will  eafily  grant,  that^^f^",7ii$^:^ 

anVN.  25s .^a8^. 

*"  Aug.  An.  Sfyq^ 
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any  Multiple  of  Nothing  is  ftill  Nothing  i  I  fhall  allow  with  the  ikaie  Eafe, 
that  you  may  fafely  ncgleft  infinitefimal  Differences  drawn  into  Infinitcfimals. 
But  though  this  may  be  done  fafely,  yet  it  ought  to  be  done  cautiouQy.  For 
in  any  kind  of  Quantities,  thofe  Things  which  differ  by  leis  than  a  gircn  or 
affignable  Difference,  are  to  be  confidered  as  equal.  Upon  this  the  whole 
Doftranc  of  Exhauftions  is  founded,  which  is  neccflary  both  to  the  Ahticnta 
and  Moderns, 

rb.jtt^^xima^  XXIV.  It  is  agreed  by  all,  that  if  a  Number  propofed  be  not  a  tnic 
timoftbe^n.  Square,  it  is  in  vain  to  hope  for  a  juft  Quadratic  Root  thereof,  explicabie 
Trsai^lf  '"by  rational  Numbers,  Integers  or  Fraded.  And  therefore  in  fuch  Cafes  we 
f ^Jf'  '^^"^  mud  content  ourfelves  with  Approximations  (fomewHat  near   the  Truth) 

»]^  Dr.  Wallis*  .   ,  ,•  A 

N.  215. p.  a.    Without  pretending  to  Accuracy. 

Jan.  An.  1695-      And  fo,  for  the  Cubic  Root  of  what  is  not  a  perfeft  Cube.     And  the 
like  for  fuperior  Powers. 

Now  the  Ancients  (being  aware  of  this)  had  their  Methods  of  Approxi- 
mation, which  though  fcarce  applied  by  them  beyond  the  Quadratic,  or 
perhaps  the  Cubic  Root,  yet  are  equally  prafticablc  (by  5uc  Adjuftments) 
to  the  fuperior  Powers  alfo. 

•  I  (hal!  begin  with  the  Square  Root :  For  which  the  ancient  Method  is  to 
this  Purpofe.  .  . 

From  the  propofed  Non-quadrate  (fuppofe  N)  fubtradt  (in  the  uliial  man- 
ner) the  greateft  Square  in  Integers  there'm  contained  (fuppofe  A?.)  The 
Remainder  (fuppofe  B  =  2  A  E-f-  E  ?)  is  to  be  the  Numerator  of  a  Fraftion, 
fox  defigning  the  near  Value  of  E  (the  remaining  Part  of  the  Root  fought 
A  +  E  =  V  N)  whofc  Denominator  or  Divifor  is  to  be  2  A  (the  double 
Root  of  the  fubtrafted  Square)  or  2  A  -j-  i  (that  double  Root  increafed  by 
1 )  the  true  Value  falling  between  thefe  two ;  fometime  the  one,  fometime 
the  other,  being  neareft  to  the  true  Value.  But  (for  avoiding  of  Negative 
Numbers)  the  latter  is  commonly  dire&ed. 

This  Method  Monfieur  De  Lagny  affirms  to  be  more  than  200  Years 
old.  And.  it  is  fo  \  for  I  find  it  in  Lmcos  Pacdolus  (otherwife  called  Lucas  de 
Burgo^  or  ^.  Burgo  SanSi  Sepulcbri)  printed  zi  Venice  in  the  Year  1494,  (if 
not  even  fooner  than  fo,  for  I  find  there  have  been  ievecal  Editions  of  it.) 
And  how  much  older  than  fo,  I  cannot  tell :  For  he  doth  not  deliver  it  as  a 
new  Invention  of  his  own,  but  as  a  received  Praftice,  and  derived  from  the 
Moors  ox  .4rahs^  from  whom  they  had  their  Algorifm^  or  Praftice  of  Arith- 
nxtick  by  the  ten  numeral  Figures  now  in  Ufe. 

And  it  is  continued  down  hitherto  in  Books  of  pradlical  Arithmetick  in 
all  Languages,  which  teach  the  Extradlion  of  the  Square  Root,  and  (therein) 
this  Method  of  Approximation,  in  cafe  of  a  Non-quadrate. 

The  true  Ground  of  the  Rule  is  this :  A  ^  being  (by  Conftruftion)  the 
greateft  Integer  Square  contained  in  N,  'tis  evident  that  E  muft  be  Jefs  than 
I  ;  (otherwife  not  A  y,  but  the  Square  of  A  -|-  i,  or  feme  greater  than  fo, 
would  be  the  greateft  Integer  Square  contained  in  N.)  Now  if  the  Remainder 
B=2AE^-E2be  divided  by  2  A,  the  Refult  wiU  be  too  great  for  E^ 

(the 


(  loj  ) 

(the  Divifbr  being  too  little ;  for  it  ihould  be  2  A  -f-  £»  to  make,  the  Quo- 
tient E.)  But  if  (to  reftify  thii)  we  diminifli  the  Quotient  by  increafingthe 
Diyifi>r»  adding  i  to  it,  it  then  becomes  too  little ;  becaufe  the  Divifor  i$ 
now  coo  big.  For  (E  being  lefs  than  i)  2  A  4*  x  iimore  than  2  A  -f-^* 
and  therefore  too  big. 

As  for  Inftance :  If  the  Non- quadrate  propofed  by  N  =  5,  the  grcateft  In- 
teger Square  therein  contained  is  A  ;  =r  4  (the  Square  of  A  t=:  2  0  which  be- 
ing fubtrafted,  leaves  N  —  Aj  =  5  —  4=1  =  Bs  2  AE  +  E  j.  Which 
divided  by  2  A  =  4  gives  ^  ;  but  divided  by2A-|-i:=:44*i  =  59  gives 
f .  That  too  great,  and  this  too  litde,  for  £.  And  therefore  the  true  Root 
(A+ E  =  •  N)  is  lefs  than  2  J  =  2.  25,  but  greater  than  2 1  =  2.  2:  And 
this  was  anciently  thought  an  Approach  near  enough. 

If  this  Approach  be  not  now  thought  near  enough,  the  fame  Proceis  may 
be  again  repeated  ;  and  that  as  oft  as  is  thought  neceflary. 

.  Take  now  for  A,  2  7  =  2.  2,  whofe  Square  is  4.  84  =  A  j  (now  confi- 
dered  as  an  Integer  in  the  fecond  Place  of  Decimal  Parts.)  This  fubtra^ed 
from  5.  00,  (or,  which  is  the  fame,  o.  84^  the  Excefs  of  this  Square  above 
the  former,  from  i,  which  was  then  the  Remainder)  leaves  a  new  Remainder 

B-|-o.  16:  which  divided  by  2  A  =  4. 4,  gives-^-— ==—==  0.03 636 4-f 

too  much.     But  divided  by  2  A  4-  i  =  4. 5,  it  gives  ^ —  =  — =s 

4-  50        225 
O'  03555+  too  Y\xx\t.    The  true  Value  (between  thefe  two)  being  2.  236 
proximey  wWe  Square  is  4.  999696, 

If  this  be  not  thought  near  enough,  fubtra^l:  the  Square  fi-om  5.000000  : 
the  Remainder  B = o.  000304,  divided  by  2  A  =  4. 472 ,  or  by  2  A  -|-i  = 
4*  473>  ffv^  (either  way)  o.  000068  — ;  which  added  to  A  =s  2.  236, 
makes  2. 236068  — ^  fomewhat  too  big ;  but  2.  236067  «|- would  be  much 
more  too  litde. 

Which  gives  us  the  Square  Root  of  5,  adjufted  to  the  (ixth  Place  of  De- 
cimal Parts,  at  three  Steps.  And  by  the  fame  Method,  if  it  be  thought  need- 
fill,  wc  may  proceed  further. 

For  the  Cubic  Root  the  Rule  is  this  : 

From  the  Non-Cubic  propofed,  (fuppofe  N)  fubtraA  the  greateil  Cube 
in  Integers  therein  containea,  (fuppofe  A  ^ :)  the  Remainder  (fuppofe  B  =: 
jAtfE-}-  3  AEj-f*Etf,)  is  to  t>?  the  Numerator  of  a  Fia£i:ion  fordefigning 
the  Value  of  E,  (the  remaining  Part  of  the  Root  fought  A  -|-  E  =  •  r  N.) 
To  this  Numerator,  if  (for  the  Denominator  or  Divifor)  we  fubjoin  3  A  ;, 
the  Refulc  will  certainly  be  too  great  for  E,  becaufe  the  Divilbr  is  too  little : 
(For  it  fhould  be3Aj-|-3AE-|-Ef,  to  give  the  true  Value  of  E.)  If 
Ibr  the  Diviibr  we  take  3A{-^3A-f-i,  it  will  certainly  be  too  little,  be* 
caafe  the  Diviibr  is  too  great.  (For  E  by  Conftru&ion  is  lels  than  i.)  It 
loaft  therefore  (between  thefe  Limits)  be  more  than  this  latter.  And  there- 
fore this  latter  Refult  being  added  to  A,  will  give  a  Root  whofe  Cube  may 
be  fubtraAed  from  the  Non-Cubic  propofed,  in  order  to  another  Step. 
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But  if,  for  the  Divifor,  we  take  3  A  j  +  3  A,  (or  even  Icfi  than  fe  V  ihc 
Refult  may  be  too  great ;  or  (in  cafe  B  be  fmall)  ic  may  be  too  little,  and  ofc 
is  fo.  Which  comes  to  pafi  from  hence ;  becaufe  E  (by  Conftruftion)  is  left 
than  I ;  and  therefore  3  A  E  lefs  than  3  A ;  and  perhaps  fb  much  as  that  the 
Addition  of  E  j  will  not  redrefs  it.  And  when  it  fo  happens  3  A  y  -f-  3  A 
is  a  better  Divifor  than  3  A  f  +  3  A  -^i  (or  even  fomewhat  lefs  than  either.) 
But  becaufe  it  doth  not  always  fo  happen  (though  for  the  mod  pare  it  doth) 
the  Rule  doth  rather  direft  the  other  5  as  which  doth  certainly  give  a  Root 
Jefs  than  the  true  Value,  whofe  Cube  may  always  be  fubtrafted  from  thcNon- 
Cubic  propofed  :  the  DeGgn  being  to  have  fuch  a  Cube  as  (being  fubtrafted) 
may  leave  another  B,  to  be  ordered  in  like  manner  for  a  new  Approach. 

But,  for  the  mod  part,  3  A  j  may  be  fafely  taken  for  the  Divifor.  For  tho* 
the  Refult  will  then  be  fomewhat  too  big,  yet  the  Excefs  may  be  fo  fmali 
as  to  be  neglcfted  ;  or,  at  lead  we  may  thence  eafily  judge  what  Number 
(fomewhat  left  than  it)  may  be  fafely  taken.  And  if  we  chance  to  take  it 
fomewhat  too  big,  the  Inconvenience  will  be  but  this,  that  B  for  the  next 
Step  will  be  a  Negative.    Of  which  Cafe  we  (hall  fpeak  anon. 

Thus  for  Inftance  :  If  the  Non-Cube  propofed  be  9  =  N  :  The  greateft 
Integer  Cube  therein  contained  is  8  rz  A  r,  (whofe  Cubic  Root  is  A  =  2.) 
WhichCube  fubtrafted,  leaves  9  —  8=i=:B  =  2AyE+3  AE  j  +Er. 
This  divided  by  3  A  j  =  1 2,  gives  y\  =  0.08333  +,  too  big  for  E.  But  the 
feme  divided  by  3  A  j-|-  3  •'^  +  1=12  -f-  6  4-1  =  19,  gives  Ty=  0.05263 
-f->  toolittle.  Or  if  but  by  3  A  j-f"  3  -^  =  i2-j-6  =  18,  it  gives -.V=Trr 
=  o.  05555-J-,  yet  too  little.  For  the  Cube  of  A  ^  o.  06,  ^=  2. 06,  is  but 
8.  742  — ,  which  is  fhort  of  9  ;  and  fomuch  (hortof  it,  that  we  may  fefeijr 
take  2.  07  as  not  too  big  :  Or  perhaps  2.  08,  which  upon  Trial  will  be  found 
not  tod  big;  for  the  Cube  of  2.  08,  is  but  8. 998^12. 

If  this  firit  Step  be  not  near  enough,  this  Cube  fubtra£ted  from  9.0000009 
leaves  a  new  B  =  o.  ooio88»  which  divided  by  3  A  ;  =  12.  9796,  gives 
0.000084  —  ,  which  will  be  fomewhat  too  big,  but  not  much.  (For  E  is 
now  fo  fmall,  as  that  3  A  £  may  be  fefely  negle&ed,  and  E  q  much  more.) 
So  that  if  to  a.  08  we  add  0.3000084*^,  the  Refult  2.080084  will  be  too 
big ;  but  2.  080083  will  be  more  too  little,  as  will  appear  if  we  take  the 
Cube  of  each.)  So  that  either  of  them,  at  the  fecond  Step,  gives  the  true 
Root  within  an  Unite  in  the  fixth  Place  of  decimal  Parts.  But  when  I  fey, 
taking  the  Cube  of  each  (which  I  do  that  the  Thing  may  be  more  clearly 
apprehended)  it  is  not  neceilary  that  we  trouble  ourfelves  with  the  whole 
Cube.  For  A  €  being  ah-eady  fubtiaAed,  for  finding  B  z=  3  A  ;  E-|«  3  AE^ 
-f-  Ef,  we  have  no  more  to  try,  but  whether  3  A  j  E-|*  3  AE  q-^Rcjhc 
greater  or  lefs  than  B,  according  as  we  take  0.000084,  or  0.000083,  for  E. 

Which  may  conveniently  be  done  in  this  manner  :  Take  3  A  4-  £>  ^nd 
multiply  this  by  E  (or  E  by  it)  fo  have  we  3  A  E-f-  Eq.  To  this  add  3  Aq^ 
and  multiply  the  whole  by  E  (fo  have  vrc  3A  qE*{-^  3  AEq-\'Ec)  tokc 
whether  this  be  greater  or  lefs  than  B. 

That  is,  in  the-  prefent  Cafe,  if  we  take  £  =  o.  000084,  and  add  to  this 
.3  A  =  6.  24.  theo  is  6.  240084  =  3  A  -)-  E*    This  multiplied  by  E  =5 

o.  ocoo84> 
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0. 000084^  IS  3  AE+E  J  ss 0. 060524  +.     To  which  if  we  add  3  A  j  =r 
12.9792,  itis3  Af-f-3  AE+Ejrs  12.979724.  Which  multiplied  again 
by  £  =  0.000084,  is  0.0010902-!-=:  3  AjE-|-3  AEj-}-Ef,  which  is 
more  than  6=0. 001088. 
But  if  we  take  E  =  o.  000083,  and  proceed  as  before,  we  fhall  have 

3  AgE-{-3  AEj+E^  =  ^*^^'^77"f"»  which  is  lefs  than  B±=  0.001088. 
And  therefore  (it  we  fubtraft  that  from  this)  the  Remainder,  o.  ooooi  i, 
will  be  another  B  for  the  next  Step,  if  we  pleafe  to  proceed  farther. 

Hitherto  I  have  purfued  the  Method  moft  afFefted  by  the  Ancients,  in 
feeking  a  Square  or  Cube  (and  the  like  of  other  Powers)  always  lefs  than 
the  juft  Value,  that  it  might  be  fubtrafted  from  the  Number  propofed,  lea- 
ving  B  a  pofitive  Remainder ;  thereby  avoiding  Negative  Numbers. 

But  fince  the  Arithmetic  of  Negatives  is  now  fo  well  underftood,  it  may 
in  this  (and  other  Operations  of  like  nature)  be  advifeable  to  take  the  near- 
eft,  whether  it  be  greater  or  lefi  than  the  juft  Value. 

According  to  this  Notion,  for  the  Square  Root  of  5,  I  would  fay  it  is 
(2  -}-)  fomewhat  more  than  2  ;  and  enquire  how  much  more.  But  for  the 
Square  Root  of  8,  I  would  fay.  It  is  (3 — )  fomewhat  lefi  than  3  5  and  en^ 
cjuire  how  much  lefs :  taking  (in  both  Cafes)  that  which  is  neareft  to  the 
juft  Value. 

Thus  in  the  Cubic  Root  before  us ;  I  would  take  for  E  (in  the  laft  En- 
quiry) o.  000084  —  (where  for  the  next  Step  we  have  B  =  —  o.  000002) 
rather  than  o.  000083 -}- (where  for  the  next  Step  we  fhould  have  B  re 
-^-o.  OOOOI  I .)  In  the  latter  Cafe,  we  are  to  divide  B  =  -|-  o.  0000 1 1,  by 
3  A  ;  =  12.980236-^,  to  find  (by  the  Quotient)  how  much  is  to  be  added 
to  0.000083.  In  the  other  Cafe,  we  are  to  divide  B  =+ 0.000002,  by 
3  A  ^=:  12.98028,  to  find  (by  the  Quotient)  what  is  to  be  abated  of 

0.000084  5  fo  have  we-  '     g  =  0.0000008  5+to  beadded  to  6. 24008 3 : 

Or  ^^^^^^~= 0.000000 1 5  +  to  be  abated  of  6.  240084  -,  (Or  it  may 
12.980248 

fuffice  in  either  to  divide  by  12.98-}-,  or  even  by  13—,  without  being  in- 
cumbered with  a  long  Divifor)  either  of  which  gives  us,  for  the  Root  fought, 
2.08008385  proxime  \  true  (at  the  third  Step)  to  the  eighth  Place  of  decimal 
Parts.  And  if  this  be  not  near  enough,  the  Cube  of  this,  compared  with 
the  Number  propofed,  will  give  us  another  B  for  the  next  Step :.  And  fo  on- 
wards as  far  as  we  pleafe. 

Now  what  is  faid  of  the  Cube,  is  eafily  applicable  to  the  higher  Powers. 

I  Ihall  omit  that  of  the  Biquadrate;  becaufe  here  perhaps  it  may  be  though: 
moft  advifeable  to  extraft  the  Square  Root  of  the  Number  propofed,  and 
then  the  Square  Root  of  that  Root.  But  if  we  would  do  it  at  once,  we  are 
from  N  (the  Number  propofed,  being  not  a  Biquadrate)  to  fubtraft  A  j  j 
(the  greateft  Biquadrate  contained  in  it^  to  find  the  Remainder  B  =:  4  A  ^  E 
4-6AjEj4'4^E^+Ej?J.  Which  Remainder,  if  we  divide  by  4  A  r, 
the  Quotient  will  certainly  be  too  big  for  E,  (though  i)erbaps  not  much :) 
If  by  4  A  r  +  6Aj-|-4A-|-i,it  will  certainly  be  too  little  (for  Reafons  be- 
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fore-  mentioned.)  And  we  are  to  ufe  our  Difcretion  in  raking  fome  iatcrme* 
diate  Number.  And  if  we  chance  not  to  hit  on  the  neareft,  the  Inconve^ 
nience  will  be  but  thist  that  our  Leap  will  not  be  fo  great  as  otherwife  it 
might  be.     Which  will  be  reftified  by  another  B  at  the  next  Step. 

For  theSurfolid  (of  five  DimcnGons)  we  are,  from  N(the  Number  pro- 
pofed,  being  not  a  perfeA  Surlblid)  to  fubtraft  A  qc  (the  greateft  Surfolid 
therein  contained)  to  find  the  Remainder  B  =  3  A  j  jE-f-ioArEj-J-io 
AqEc-^  5  AEqq  -J-E  q  c.  Which  (as  before)  if  we  divide  by  5  A  qq^  the 
Refult  will  be  fomewhat  too  big,  (becaufe  the  Divifor  is  too  little:;  If  by 
5  Ajy4-io  Af-|-  10  Aj-|-5  A-f-  I,  theRefultwill  certainly  be  Icfs  than 
the  true  E.  The  juft  Value  of  E  being  fomewhat  between  thefe  two, 
where  we  are  to  ufe  our  Difcretion  what  intermediate  Number  to  take. 
Which  according  as  it  proves  too  great  or  too  little,  is  to  be  re(5tified  at  the 
next  Step- 
But  for  the  moft  part  it  will  be  fafe  enough  (and  lead  trouble)  to  divide 
by  sAqq^  which  gives  a  Quotient  fomewhat  too  big;  which  we  may  either 
reftify'at  Difcretion,  by  taking  a  Number  fomewhat  lels,  or  proceed  to  ano- 
ther B,  (affirmative  or  negative,  as  the  Cafe  (hall  require)  and  fo  onward  to 
what  Exa&nels  we  pleafe.  Which  is,  for  Subftance,  in  a  manner  co-inci- 
dent with  Mr.  Rapbfon*s  Method,  even  for  aSe&ed  Equations. 

Thus,  in  the  prefent  Cafe :  If  the  Number  propofcd  be  Nsr  53,  then  is 
Ay^s±3a,andB5=:33  — «  =  i  =  5  AjjE-f-ioArEj4-ioAjEr 
4-5  AEj  j-J-Ey^.  Which  if  we  divide  by  5  A  jj  =  5x10  =  80,  the 
Refult  1^  =  0.0 1 25,  is  fomewhat  too  big  for  E,  but  not  much.  And  if  we 
examine  it,  by  taking  the  Surjfolid  of  2.0125,  or  of  2-rr,  we  (hall  find  a 
Negative  B  (for  the  next  Step),  but  not  very  confiderable.  Or  if  we  think 
it  confiderable,  we  Aiay  proceed  farther  to  another  Step,  or  more  than  fo. 

The  like  Method  may  be  applied  (and  with  more  Advantage)  in  the 
higher  Powers,  according  as  the  Compofition  of  each  Power  requires. 

And  the  fame  Method  may  be  of  Ufe  (with  good  Advantage)  in  long 
Numbers  (if  duly  applied)  even  before  we  come  to  the  Place  ofUnits ;  for 
the  fame  will  equally  hold  there  alfo.  Which  the  Reader  may  eafily  appre* 
hend,  without  a  long  Difcourfe  upon  it. 

ri>/^9portm       XXV,  The  very  Idea  of  Magnitudes  infinitely  great,  or  fuch  as  exceed 
ifit^mu^^  any  afllgnable  Quantity,  does  include  a  Negation  of  Limits :  yet  if  we  near- 
Hiu4?'n^95**'y  examine  this  Notion,  we  fhall  find  that  fuch  Magnitudes  are  not  equal 
/•  5i6.  '        amongft  themfelves,  but  that  there  are  really  betides  infinite  Length,  and 
infinite  Area,  three  feveral  Sorts  of  infinite  Solidity :  all  of  which  are  ^a$h' 
tiiates  fui  generis  \  andthatthofeof  each  Species  are  in  given  Proportions* 
Infinite  Length,  or  a  Line  infinitely  long,  is  to  be  confidered  either  as  be- 
ginning at  a  Point,  and  fb  infinitely  extended  one  Way,  or  elfe  both  Ways 
from  the  fame  Point ;  in  which  Cafe  the  one,  which  is  a  beginning  Infinity, 
is  the  one  half  of  the  whole,  which  is  the  Sum  of  the  beginning  and  ceafing 
Infinity ;  or,  as  I  may  fay,  of  Infinity  a  parte  ante  and  apartepoft^  which  is 
analogous  to  Eternity  in  Time  or  Duration^  in  which  there  is  always  as 
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much  to  follow  as  is  paft,  from  any  Point  or  Moment  of  Time :  Nor  doth 
the  Addition  or  Subdudbion  of  finite  Length,  or  Space  of  Time,  alter  the 
Cafe  either  in  Infinity  or  Eternity,  fincc  both  the  one  or  the  other  cannot 
be  any  Part  of  the  Whole. 

As  to  Infinite  Surface  or  Area,  any  Right  Line  infinitely  extended  both 
Ways  on  an  infinite  Plane,  does  divide  tlut  infinite  Plane  into  equal  Parts, 
the  one  to  the  right,  and  the  other  to  the  left  of  the  faid  Line ;  but  if  from 
any  Point  in  fuch  a  Plane,  two  right  Lines  be  infinitely  extended,  fo  as  to 
make  an  Angle,  the  infinite  Area,  intercepted  between  thofe  infinite  rfght 
Lines,  is  to  the  whole  infinite  Plane,  as  the  Arch  of  a  Circle  on  the  Point 
of  Concourfc  on  thofc  Lines  as  a  Center,  intercepted  between  the  faid  Lines, 
is  to  the  Circumference  of  the  Circle  ;  or  as  the  Degrees  of  the  Angle  to 
the  360  Degrees  of  a  Circle.  For  Example :  Two  right  Lines  meeting  at4 
rigjht  Angle  do  include,  on  an  infinite  Plane,  a  quarter  Part  of  the  whole  in- 
finite Area  of  fuch  a  Plane. 

But  if  fobe  two  parallel  mfinitc  Lines  be  fuppofed  drawn  on  fuch  an  infi- 
nite Plane,  the  Area  intercepted  between  them  will  be  likewife  infinite;  but 
at  the  fame  time  will  be  infinitely  lefs  than  that  Space,  which  is  intercepted 
between  two  infinite  Lines  that  are  inclined,  tho'  with  never  fofmall  an  An- 
gle ;  for  that  in  the  one  Cafe,  the  given  finite  Diftance  of  the  parallel  Lines 
diminifhes  the  Infinity  in  one  Degree  of  Dimenfion ;  whereas  in  a  Seftor, 
there  is  Infinity  in  both  Dimenfions :  aod  confequently  the  Quantities  are  the 
one  infinitely  greater  than  the  other,  and  there  is  no  Proportion  between 
them. 

From  the  fame  Confideration  arife  the  three  feveral  Species  of  infinite 
Space  or  Solidity  \  for  a  Parallelopipid,  or  a  Cylinder  infinitely  long,  is  great* 
er  than  any  finite  Magnitude,  how  great  fbeyer ;  and  all  fuch  Solids  fuppofed 
to  be  fora^  on  given  Bafes,  are  as  thofe  Bafes  in  proportion  to  one  another. 
But  if  two  of  thefe  three  Dimenfions  are  wanting,  asm  the  Space  intercept- 
ed between  two  parallel  Planes  infinitely  extended,  and  at  a  nnite  Diftance  1 
or  with  infinite  Length  and  Breadth,  with  a  finite  Thicknefs,  all  fuch  So- 
lids fliall  be  as  the  given  finite  Diftances  one  to  another;  but  thefe  Quanti^ 
ties,  tho'  infinitely  greater  than  the  other,  are  yet  infinitely  lefs  than  any  of 
thofe  wherein  all  the  three  Dimenfions  are  infinite.  Such  are  the  Spaces  in- 
tercepted between  two  inclined  Planes  infinitely  extended  j  the  Space  intcr- 
ceptra  by  the  Surface  of  a  Cone,  or  the  Sides  of  a  Pyramid,  likewife  infinite- 
ly continued,  Gfr.  of  all  which,  notwith (landing,  the  Proportions  one  to  ano- 
ther, and  to  the  79  irSf  or  vaft  Abyfs  of  infinite  Space  (wherein  is  the  Locus  of 
all  Things  that  are  or  can  be ;  or  to  the  Solid  of  infinite  Length,  Breadth,  and 
Thicknefs  taken  all  manner  of  ways)  are  eafily  aflignable.  For  the  Space 
between  two  Planes  is  to  the  whole,  as  the  Angle  of  thofe  Planes  to  the  360 
Degrees  of  the  Circle.  As  for  Cones  and  Pyramids,  they  areas  the  fpheri- 
cal  Surface  intercepted  by  them  is  to  the  Surface  of  the  Sphere,  and  there- 
fore Cbnes  areas  the  verfed  Sines  of  half  their  Angles  to  the  Diameter  of  the 
Circle :  Thefe  three  Sorts  of  infinite  Quantity  are  analogous  to  a  Line,  Sur- 
face, 
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face,  and  Solid,  and  after  the  fame  manner  cannot  be  compared,  or  have  no 
Proportion  the  one  to  the  other. 

Mniuiy^nfimH     XXVI.  Infinitely- infinite  Fradions,  or  all  the  Power$  oF  the  Fr^ions 
^'rIwL?    whofe  Numerator  is  i,  are  all  of  them  together  equal  to  (i)  an  Unit. 
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A.     R.        q.        c.        qq. 

2        3    ^    9^^  27    *    i8 

&c. 


S 


3        4    ^ 
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4        5      '  25  '   ""  • 
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S  1  2xi~ 


w+ 


216 
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I 

4x1' 
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1x2 


5Xi~  6 


7-^ 
7+ 


2X3 
I 


3X4 
I 
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A.  Is  a  File  or  Row  of  abfolute  Numbers,  or  rather  of  all  the  Fradions^ 
whofe  Numerator  is  i  j  which  Row  is  fuppofed  to  be  condnued  in  infaiitum 
(downwards.) 


R.  Is 


( lit ) 

R.  Is  anotW  File  orRofW  of  all  the  Roots  (whofe  Numerator  is  i)  of 
all  the  Powers  of  fuch  Fraftions,  fuppofed  likewife  to  be  continued  in  infinU 
turn  (downwards). 

P.  Are  all  the  refpeftive  Powers  of  fuch  Fm^ions,  (viz.  Squares,  Cubes, 
6fc.)  or  fo  many  Ranks  of  Geometrical  Proportionals,  fuppofed  to  be  conti- 
nued in  infiniium^  both  to  the  Right-hand,  and  aHb  downwards. 

Lemma.]  Each  of  the  faid  Ranks  of  Powers^  together  with  their  rejpeffive 
Roofs  J  is  equal  to  each  of  the  fever al  Numbers  under  A  refpeBivify. 

Demonfiration.]  If  from  the  Line  a  b  you  take  (for  inftance)  4  p&rt  towards  ^^-  54^ 
0,  fuppofe  a  c  \  and  alfo  from  the  other  End  of  the  fame  Line  a  b^  you  take 
two  luch  Parts  (or  i  Part)  towards  ^,  fuppofe*  rf,  {viz.  a  Number  of  Parts 
leg  by  two  than  the  whole  Line  a  b  was  firft  fuppofed  to  be  divided  into) 
there  will  remain  the  Line  cd=Lac=i\oiab.  Then  again,  if  from  c  d 
you  take  ^  Part  thereof  towards  ^ ,  fuppofe  c  e^  and  from  the  other  End  ^  Part 
of  the  lamer  ^,  fuppofe  J/,  there  will  remain  only  ^/s3  ce  ss  ^ofc  d. 
And  if  you  (till  go  on  without  ceafing,  to  take  on  the  Side  towards  tf,  4  Part 
of  what  was  taken  laft  before,  and  twice  as  much  on  the  other  Side  towards  *, 
there  (hall  be  found  between  the  two  Lines  laft  taken  always  remaining  ^ 
Part  of  the  Line  from  which  they  were  taken.  From  which  ^  Part  there 
may  fiill  after  the  fame  manner  faie  fuppofed  to  be  taken  two  other  fuch 
Lines.  But  if  this  be  fuppofed  to  be  done  infinite  Times  afbually,  then 
there  will  nothing  more  remain  (between),  and  fo  the  continued  Divifion  on 
cither  Side  will  come  exadUy  to  the  Point  g^  fuppoHng  «  ^  to  be  f  of  «  ^, 
^ndbg  tzzi  ag:  For,  becaufe  that  which  was  taken  away  towards  ^,  was 
always  twice  as  much  as  that  which  was  taken  away  towards  4,  the  total 
Sum  of  all  the  Lines  taken  away  towards^,  (which  all  together  do  make  up 
the  Line  b  g)  muft  be  twice  as  much  as  the  Line  a  g^  (which  is  the  total  Sum 
of  all  the  Lines  taken  away  towards  a)  viz.  bg  zzziagi  and  consequently 
br^ag  (or  the  whole  Line  a  b)  is  equal  to  3  ^  ^ ;  and  therefore  agzx  -^ 
ofab.    ^E.D. 

The  like  Conftru^ion  zndDemMjlration  (mutatis  mutandis)  maybe  made  uleof 
in  taking  away  any  other  Part  of  anyQuan  tity,and  the  like  Part  again  of  the  firft 
mentioned  Part,  and  fo  in  infinitum.  The  total  Sum  of  all  the  Parts  fo  taken,  or 
fuppofed  to  be  taken,(hall  be  equal  toany  certainQuantity,orPart,  or  FraAion, 
whofe  Denominator  ihall  be  lete  by  an  Unit  than  the  Denominator  of  the  firft 


mentioned  Part;  as-7-=-r + 1" *c-  —  =  — +  -; h  -:;; 

6       7       49  '  343         9       10        100  1000 

&c.  And  fbf  that  which  the  incompAtdbk  Archimedes  (in  his  Sqnaring  theP^* 
rabola)  has  only  demonftrated  in  one  particular  Cafe,  viz."    =^  — l*"^"^"F^ 

+—7+ — i—  ice  and  that  too,  not  without  an  huge  Apparatus,  of  Prc- 

limiaary  Propofitioiis^  amounting  to  a  whole  Book,  is  here  univerfally  de- 
monftrated 


-  (  III  ) 

monftrated  in  all  Qfes  (which  are  infinite)  and  by  a  very  Ample  and  eafy 
Method  (in  Des  Caries^s  Way)  and  on  one  fingle  Page. 

Now  if  each  of  the  (aid  Ranks  of  Powers,  together  with  their  re(pe6live 
Hoots,  be  equal  to  the  leveral  Numbers  of  Fradions  under  A  ^  (as  is  demon* 
ftrated  by  the  Lemma)  then  is  A  the  Sum  of  them  all,  or  equal  to  them  all ; 
that  is  to  fay,  R  -j-  P  =  A  s=:  R  4"  i »  for  R  is  the  fame  with  A  wanting 

i-,  or  I,  (as  appears  upon  View)  or  but  (JL)  one  infinite  Part  biggen 

Wherefrre  P=  i,  ^  E.  D.  viz.  Infinitely-infinite  Fraftions  €re  equal  to 
Unity,  that  is,  to  the  leaft  Root  that  is  an  Integer. 

Corollaries.    Hence  it  is  plain, 

1.  That  a  Progrefs  ad  infinitum  mud  be  allowed. 

2,  And  not  only  to  one  Infinite,  but  to  feveral ;  or  rather  to  infinite  Infi- 
nites, or  infinitely  Infinites. 

3*  Arid  that  this  may  be  done,  that  is,  this  Calculation  may  be  performed, 
by  a  very  finite  or  bounded  Capacity. 

4.  And  that  this  whole  Progrefs,  or  fuch  infinite  Progrefles^  may  be  cafl 
up,  or  colleAed  into  one  Sum. 

5.  And  into  a  Sum  that  is  not  only  not  infinite,  but  fo  fmall  that  it  is 
lefs  then  any  Number. 

It  appears  farther. 

That  of  Infinites  fbme  are  equal,  and  others  unequal. 
And  that  one  Infinite  may  b^  equal  to  two,  three,  or  feveral,  either  Fi- 
nites  or  Infinites. 


For  I.  The  infinite  Powers  of  the  firfl  Rank  are  ag^ss.- — ,  and  jalfo 

a     1x2 
equal  to  all  the  infinitely-infinite  Powers  of  all  the  other  Ranks. 


The  infinite  Powers  of  the  fecond  Rank  are  2^  -7^: 

6       2x3 

Thofcof  the  third  Rank  are  =—=—. 

"     3x4^ 

Thofe  ofthe  fourth  Rank  arc  =—=   * 


ao'"4X5 
Thofe  of  the  fifth  Rank  arc  sc—=—> 

A ••*?..  3^  5X0    I    AV,     W6U,     X* 

^ctntnfimtum.  (^^^  ^^\  ^% 

&c.  ininfimimm. 


fviz.  equal  to  the 
refpedlive  mean 
proportional 
Number  between 
the  Square  Num- 
bers refpedively. 

4.     o,     9 

9»  «*»  16 

16,  20,  25 


I; 


(  "3  ) 

t.  The  Jofinite  Powers  of^e  two  firft  Ranks  are  =< — 

3 

Thofe  of  the  three  firft  are  =  -^ 
^•-^  ♦ 

Thofe  of  the  four  firft  are =— 

5 

Thofe  of  the  fire  firft  are=-4- 

3.  AH  the  Powers  of  all  the  infinite  Ranks,  except  the  firft  are  s=~ 

All,  except  the  two  firft,  are  s=  «~ 

3 

All,  except  the  three  firft,  are  =  — : 

4* 

AH,  except  the  four  firft,  are  rs  — 

&c.  in  infinitum. 
The  latter  Orollarits  may  all  appear  ^y  fimple  Addition  and  Subdudion  i 
and  fo  may  many  more. 

XXYII.  X.  That  the  Numeral  Figures  now  in  ufe,  with  the  manner  of^^^^^f 
Computation  by  them  (and  the  Names  of  Algorifm,  appropriated  to  that  ^^^j^rn^^Drfji 
of  Computation)  came  to  us  from  the  A-ah  (but  fomewhat  altered,  as  to  the  Wau4.  n.  154I 
^faapet^r  the  Figures,  in  fuccccding  Ages^  and  to  them  from  the  Indians^  is  ge-{;^?Jy|.  ^^^ 
heMy  agreed,  fiut  it  is  not  fo  generally  agreed,  of  what  Antiquity  the  U& 
of  them,  in  our  £tffv/^^;y  Parts,  hath  been. 

7^.  Ggtard  Voffius  (De  Scicntiis  Matbematicis)  thinks  they  came  not  in  Ufe 
Jiere  till  about  the  Year  of  our  Lord  1^00;  or  at  the  fartheft,  later  than  the 
Year  1250.  And  P.  Mahillon  {DeRe  DiplomaHca)  tells  us,  that  he  hath  not 
fimnd  them  any  where  ufed  fboner  than  the  14th  Century.  But  I  think  theijr 
tJfe  in  thefe  Parts  was  as  old  at  leaft  as  the  Times  of  Hermannus  tj^niraffus^ 
who  lived  about  the  Year  of  our  Lord  1050  (that  is,  about  the  middle  of 
the  nth  Century,}  if  not  fo  frequently  in  ordinary  Affairs ;  yet  at  leaft  in 
Mathematical  Things,  and  efpecially  in  Aftronomical  Tables. 

But  I  do  not  remember  that  I  hare  any  where  fccn  any  Monument  of  thetti    ^i'  55- 

.ore  antient  than  the  Mantle-tree  of  the  Parlour  Chimney  at  the  Dwellin^- 

loufe  of  Mr.  H^IL  Richards^  the  Reftor  of  Hebndon  in  NorihamptoHfiire. 

The  Sided 'rf the  Chimney,  by  which  the  Mantk-trce  is  fupportecf,  are  of 

one ;  b»t  the  Mantle-tree  irielf  is  of  Wood.     It  is  all  over  as  black  as 

k,  having  by  Age  and  Smoak  conM^led  that  Colour.     It  may  yet  conti- 

le  many  hundreds  of  Years  \  for  I  did  not  difccm  in  it  any  Thing  either  of 

iTorm,  orRottennefs,  or  any  Tendency  to  it.     The  Length  of  it  is  five  Foot 

ne  Inches^  its  Breadth  or  Depth  at  the  Ends,  (A  B)  is  11  ^  Inches,  but  at 

Vol.  I.  C^  the 


the  Middle,  as  C  D,  fomewhat  left.  *It  is  alfo  carved  from  End  to  End^ud  the 
lower  Part  of  it  is  abatqd»  a^Ju'tha  Mciulding^  of  other.  Chimneys.  .Qn  the 
Front  of  the  upper  Part  there  is  (beginning  at  the  Middle)  on  three  Squares 
parted  from  each  other  by  a  ic^p  Furrow  or  Channel,  the  Date  (I  fuppofe, 
'When  it  was  firft  mad^  d'efcribed' partly  in  Numeral  Figures,  A^  Do*  M^  133  5 
on  a  fourth  a  Flower,  and  on  a  fifth  the  two  Letters  W.  R.  with  an  Efcut«» 
cheon^  reprefenting  (t  fuppofe)the'Pfameof  him  to^hom  it  did  then  belong. 
Both  the  Letters  and  the  Figures  are  of  an  Antique  Form,'  agreeing  well 
enough  with  that  A^..  They  aretiiot'engnMrod  or  cut  in,  but  prominent  on 
their  feveral  Square^  p^y  way  of  Bas-relief)  the  Wood  being  abated  round  about 
them.  The  o  over  the  A  is  a  round  o,  but  that  over  the  M  is  a  fquare  q. 
/  JEienee  it  appeal^,  <tMt  the  Ufe  of  iUch  Figures  hierein:£iig^4  cvenooor^ 
dfnary  Occafions,  is  at  lead  as  ancient  as  the  Year  1133.  And  I  judge  it  Co 
hive,  been  yet  fo^ew^  ancienteir,  becaufe  the  Shape  of  the  Figures,  thoi^h 
npt  come  juft  to  the  Shape  which  we  now  ufc,  was  even  then  confiderably 
varied  from. the  Shape  ot  the  Arahick  Figures ;  which  argues  they  had  then 
beerf  for  fome  Time  in  ufe ;  fbch  Change  of  Shape  in  Figures  and  Letters 
coming  on  gradually  with  Time.. 

"   iFheed  not  move  any  Scruple  at  all,  that  Part  of  the  Numbers  is  exprefied 
by  the  Numeral  Lcttij?r  M  (or  the  Word  Millefmo^   of  which  M**  is  but  a- 
CpT^tradlion)  while  the  reft  is  expreflcd  in  NumetaJ  Figures  r  Fer:.tbe  like 
doth  oft  occur  in  old  Manufcripts ;  and  fometimds  even  at  this  Day.     i)uid  it 
doth  rather  favour  the  Simplicity  of  that  Age,  (not  yery  nice  in  fuich  Things, 
dppally  amorigft.  Mechanics)  than  xway  Defigp.  of  Imppfture. 
^j^.xW-       -2.  Over-againfltthe,  j^4rit^/-^Z«r^iti  CoUiefitr  ftanda  the  Hoofe^of  Mr«: 
g^^J^^  g^^y.Furley^  a  Linnen-draper ;  fome  of  the  backermoft  Part  of  which  is^an  ancient 
k!  266. i>#  677.  ,S^<2». Building,  but  the  Front  is  of  lefler  (landing,  and  timbered*  Upontlie 
4f%.A»  ^^W'Ij^i^qq^  QqH  (^ich  is  almoft  in  the  Form  of  a  triangular  Prifm)  of  one  ctf 
the  Windows  of  the  Front,  between  two  carved  Lions,  (lands  an  E^c^uticheon^ 
.containing  only  thpfe  Figures  1090.     The  Periphery  of  the  Cyfd)ers»3  and 
r^.se*     J^ine,  ar£  radier  frac^ed  than  fleded,.  prominent,  large,  and  very  fair.  ^  but 
to  make  them  the  more  perfpicuous,.  they  are  gilded  by  the  Proprietor.  The 
Wipdow  looks  rfiredlly  North,  the  Date  being  thereby  prcferved  fi^^itt  the 
fi:orching  Heat  of.  the  Sun ;  and  by  it3  Inclination  (falling  from  the  Feriex  or 
Perpendicular  by  an  Angle  of  about  60  Degrees)  from  Rain,  Snow^  £sf  f .  If  it 
be  objcfted,  that  the  fecond  and  fourth  Figures  may  reprefcnt  that  among  the 
Jrahians^  which  is  with  us  as  five ;  I  anfwer,  that  ohe  o  is  not  ufed  with  all  the 
Arabs  for  5,  but  with  fome  for  a  Cypher,  and  fo  it  was  ufed  by  the  M^iots  i" 
Spain^  who  firft  brought  thefe  Figures  into  our  Parts  \  nor  is  the  fquare  0  a 
Arabick  Letter,  but  an  Englijh  Letter  of  that  Age.     And  the  Form  of  the. 
Figures  foon  degenerated  from  that  of  the  Arabs^  into  fuch  as  we  now  ufc, 
not  at  the  firft  Reception  from  the  Arabs  [or  Mo^rsl^  certainly  k>ng  bcfc 
1.595,  as  this  CanJiruSiion  would  make  \t 

•  » 

^u'l^it^^'-       XXVIII.  The  old  Definition  of  Logarithms^  that  they  are  the  equally-diHer 
%Mr!^.'  ing  Affociates  of  Proportional  Numbers^  ja  toofcanty  to  define  them  fully 

p.  58.  *^' 

Mar.  An.  1695* 
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For  they  «ay  much  more  properly  be  faid  to  be  NumenJlationum  ExpoiunUs\ 
wiietein  Rath  is  confidered  as  a  ^antitas  fat  generiSy  beginning  from  the 
Ratio  of  Equality,  or  i  to  .1=;  o  •,  *bdng  Affirmative  when  the  Katio  is  in- 
crcafing,  as  ef  Unity  to  a  greater  Number,  tut  Negative  when  decrcafingi 
and  thefe  Rationes  we  fuppofe  to  be  meafurcd  by  the  Number  of  the  Raiiun-^ 
iuU  contained  in  each.  Now  thefe  Ratiuncuke  are  to  be  ib  uodetftood  as  in  a 
continued  Scale  of  Proportionals,  infinite  in  Number  between  the  two  Terms 
€^  the  Ratio  ;  which  infinite  Number  of  mean  Proportioiuils  is  to  that  infinite 
Number  of  the  like  and  equal  Ratiuncute  between  any  other  two  ferms,  as 
Ihe  Logarithm  of  the  one  Ratio  is  to  the  Lojgarithm  of  the  other.  Thus  if 
there  be  fuppofed  between  i  and  10  an  infinite  Scale  of  mean  Proportionals, 
whofe  Nuxdber  is  100000,  ^'r.  m  infinitum  \  between  x  and  2  there  (hall  be 
30102, 6?^.  of  fuch  Proportionals,  and  between  i  and  5  there  will  be  47  7 12, 
&^.  of  them  ;  which  Numbers  therefore  are  the  Logarithnu  of  the  Ration^ 
of  I  to  10,  I  to  2,  and  I  to  3  $  and  not  fo  properly  to  be  called  the  Legal* 
rithms  of.  10,  2  and  3* 

This  being  laid  down,  it  is  obvious  that  if  between  Unity  and  any  Num- 
ber prqpofed,  there  be  tak^n  any  InfioEtity  of  mean  Pioportionais,  the  infi- 
nitely little  Augment  or  Decrement  of  the  firft  of  thde  Means  fromLFnity, 
will  be  a  Ratiuncula,  that  is,  the  Momentum  or  Fluxion  of  the  Ratio  of 
Unity  to  the  faid  Number :  And  feeing  that  in  thefe  connnual  Proportibnals 
all  the  RatiuncuUe  are  eqqal,  their  $um,  or^the  whole  Ratio  will  be  as  the 
iaJA  Momentum  isdiredly ;  that  is,  the  Lcgarithm  of  each  Ratio  will  be  as 
the  Fkixion  thereof.  Wherefore  if  the  Root  of  any  infinite  Power  be  ex- 
traAed  out  of  any  Number,  the  Differentioia  oftheiaid  Root  from  Uni(y» 
ihall  be  as  the  Logarithm  of  that  Number.  So  that  Logarithms  thus  produced, 
may  be  of  as  many  Forms  as  you  pleafe  toafluae  infinite  Indices  of  the  Power 
whofe  Root  you  feek  :  as  if  the  Index,  be  fuppofed  1 00000,  &c.  infinitely, 
Ac  Roots  Ihall  be  the  Logarithms  invented  by  the  Lord  Napier  j  but  if  the 
&]d  index  were.  2302585,  &c.  Mr.  jBr/^j'j  Logarithms  would  immediately 
be  pnxluced.  And  if  you  pleafe  to  (top  at  any  Number  of  Figures,  and  not 
to  continue  them  on,  it  will  fuffice  to  affume  an  Index  of  a  Figure  or  two 
more  than  your  intended  Logarithm  is  to  have,  as  Mr.  JBriggs  did,  who  to 
have  his  Logarithms  true  to  14  Places,  by  continual  Extraftion  of  the  Square 
Root,  at  laftcame  to  have  the  Root  of  the  140737488355328th  Power  j  but 
how  operofe  that  Excraftion  was,  will  be  cafily  judged  by  whofo  Ihall  un- 
dertake fio  examine  his  Calculus. 

Now,  tho*  the  Notion  ofaninfinite  Power.may  feem  veryftraoge,  and  to  tbcffe 
lat  know  the  difficulty  of  theExtraftion  of  the  Roots  ofhigh  Powers,  .perhaps 
npradticable  ;  yet  by  the  help  of  that  admirable  Invention  of  Mr.  Newton^ 
hereby  he  determines  the  Uncia^or  Numbers  prefixed  to  the  Members  compo- 
g  Powers,  (on  which  chiefly  depends  the  Doifrine  of  Series)  the  Infinity  of 
e  Index  contributes  to  render  the  Expreflion  much  more  eafy :  For  if  the 
Inite  Power  to  be  refolved  be  put  (after  Mr.  Newtoff%  Method)  j>  +  p  g 

0.2  i>  +  P2li 
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?T7?'»  or  1  +  j|'.   inftcad  of  i  +  —  y  +     g  g,  ^  '  ?r+ 

Hl? 2'  H 24.  «-       ?*»  ««^- 

(vrhkh  is  the  Root  when  «-  is  finite),  becomes  ^  +  "IT  J  —  r —  J  J  + 

—  y'  4- q^  +  Ti:  ?%  &c.  w  »  being  //j^Vr  infinite;  and  confe- 

quently  whatever  is  divided  thereby  vanilhing.    Hence  it  follows  that  — - 

multiplied  into  j  —  i  ?  ?  +  t  ?'  ~"4  ?*  +  t  J^»  &c.  is  the  Augment 
of  the  firft  of  our  mean  Proportionals  between  Unity  and  i  -)-  f ,  and  is 
therefore  the  Logarithm  of  the  Ratio  of  i  to  i  *}-  f  ^  and  whereas  the  Infi>* 
nite  Index  m  may  be  taken  at  pleafure,  the  feveral  Scales  of  Logarithms  to 

fuch  Indices  will  be  as  — ^  or  reciprocally  as  the  Indices.    And  if  the  Index 

be  taken  loooo,  (^e.  as  in  the  cafe  of  Napier^s  Logarithms^  they^  will  be  fim- 
ply?  — i??+t«'~4?*+T?^~Tj^  &c. 

Again ;  If  the  Logarithm  of  a^decreafing  Ratio  be  fought,  the  infinite  Root 

•—  -g—  ;S  &c.  whence  the  Decrement  of  the  firft  of  our  Infinice  Number 

of  Proportionals  will  be  —  into  j  +  i  ?  ? + 1  f  * + 5 '  J*  -f-  ri^  +  t  J^»  &<^- 

which  therefore  will  be  as  the  Logarithm  of  the  Ratio  of  Unity  to  i  —  f  • 
But  if  j9i  be  put  locoo,  &r.  then  the  laid  Logarithm  will  be  j  4"  iqq-^-rif 

Hence  the  Terms  of  any  Ratio  being  a  and  *,  j^becomes or  the  Dif* 

ference  divided  by  the  leflcr  Term,  when  ^fis  an  increafing^RatiOy  or  — t-*- 

wben  'cis  decreafing,  or  as  ^  to  a ;  whence  the  Logarithm  of  the  iame  Ra* 
lio  may  be  doubly  exprefled ;  for,  putting  ;r  for  the  Difierence  of  the  Terms 
a  and  by  it  will  be  either 


r 
m 


into  -T-  +  --T-T  + 


x^ 


or  — into  —  — J-  -— ?•  — 

m  a        2  a  a  ^    ^  b^         4  a* 

Bat  if  the  Ratio  of  a  to  ^  be  fuppofed  to  be  divided  into  two  Parts,  viz.  into 

the  Ratio  of  a  to  the  Arithmetical  Mean  between  the  Terms,  and  the  Ratio 

of  the  &id  Jritbmeticai  Mean  to  the  other  Term  b ;  then  will  the  Sum  of  the 

Logarithms  of  thofe  two  Rationcs  be  the  Logarithm  of  the  Ratio  of  a  to 

*  i  and,  fubftituting  i  z  inftcad  of  t «  4-  4  ^,  the  faid  Arithmetical  Mean^  the 

Loguithms  of  thofe  Rationes  will  be,  by  the  foregoing  ][lule, 

—  into  —  -p- 4-  — ;  -U 4 1-  -p — i  &c. 

m  z     '    222~3  «*^4  %*~5  zi^6  z^ 

•    I    .         *  XX     .      z\  x^      ,.    x^  A?^     ^ 

and  —  into-^ -—  —  -♦- %  —  —  h- — -■? — ^  &c. 

m  z        2zz»    3«!       j^z'^^szy      6  z^ 

I^  2'X  2i  X^  2  X^  2  X"^ 

die  Sum  whereof  —  into  —  *  4 1  * + —r^  *4- r— 7  &c,  will   be  the 

!»/  2  S  z       '  5  z*      '72' 

Logarithm  of 'the  Ratio  of  ^  to  ^^  whole  Difference  is  ^,  and  Sum  2;.  And 
this  Series  conveiges  twice  as  fwift  as  the  former,  and  therefore  is  more  pro- 
per for  the  Practice  of  making  Logarithms }  which  it  performs  with  that  Ex- 
pedition,  that  where  x  the  Difference  is  but  the  hundredth  Paf  t  of  the  Sum, 

2  X 
the  firft  Step,  — '  fuffices  to  feven  Places  of  the  Logarithm,  and  the  fecond 

Step  to  twelve  V  but  ifBriggs^s  firft  twenty  Chiliads  of  Logarithms  be  fup- 
poled  made,  as  he  very  carefully  computed  them,  to  fourteen  Places,  the  firft 
Step  alone  is  capable  to  give  the  Logarithm  ofany  intermediate  Number, 
tnie  to  all  the  Places  of  thofe  Tables. 

After  the  fame  Manner  may  the  Difference  of  the  faid  two  Logarithms 
be  very  aptly  applied  to  find  the  Logarithm  of  prime  Numbers,  having  the 
Logarhhms  of  the  two  next  Numbers  above  and  below  them :  For  the  Dlf- 
icrence  of  the  Ratio  of  ^  to  x  2*  and  of  ^  z  to  ^,  is  the  Ratio  of  j  ^  to  ^  zz^ 
and  the  Half  of  that  Ratio  is  that  of  Uab  to  ^Zy  or  of  the  Geometrical 
Mean  to  the  Arithmetical.  And  confequently  the  Logarithm  thereof  will 
be  the  Half-^dilSerence  of  ifae  Logarithms  of  thofe  Rationes,  viz. 

I    .  XX      ^,     X^       .      X^       ,       X 


■into- 


;+^*  +  6T*  +  FP^- 


m  2ZZ 
Which  is  a  The^^em  of  good  Difpatch  to  find  the  Logarithm  of  i  z.  But 
the  fame  is.  yet  much  more  iadvantageouOy  performed  by  a-Rble  derived  from 
the  foregoing,  and  beyond  which,  in  my  Opinion,  nothing  better  can  be 
hoped;  For  the  Ratio  of  a b  to  If  zz^  or  ^  a a-j-i  ab  f-^^i  b b^h^s  the 
Difference  of  its  Terms,  ^  aa  —  f  41  ^  +  ^  ^  ^,  or  the  Square  of  |  a — f  b = 
4  xxx  which,  in  the  prefentCafe  of  finding  the  Logarithms  of  Prime  Numbers, 

3  '^ 


•  -("« ) 

is  always  Unity  j  and  calling  the  Sum  of  the  Tcrms^  zz ^c h  zs:yy^  the 
Logarithm  of  the  -Ratio' of  ^  aito  I:  a^^^i^'or^  zmllbc  found, 

which  converges  very  much  fafter  than  any  Tbecrem  hitherto  publifhcd  ^r 
this  Purpofe. 

Here  note,  that  —-  is  all  along  applied  to  adapt  fhefe  Rules  to  all  Sorts  of 

Logarithms.  If  m  be  loooo,  6?r.  it  may  be  negleded,  and  you  will. have  iV#- 
p7er*s  Logarithms,  as  was  hinted  before  j  but  if  you.defire  Briggs*s  Lfgarithms, 
which  are  now  generally  received,  you  muft  divide  your  Series  by  2,  302585- 
09299404568401799145468436420761010148^62877976033328,  or  mul- 
tiply it  by  the  Reciprocal  thereof,  ^/z.  o,  43429448I9O.325I82765II^89I- 
89I6605o822943970058o3666566II4454, 

But  to  fave  fo  operofe  a  Multiplication  (which  is  more  than  all  the  reft  of 
the  Work)  it  is  expedient  to  divide  this  Multiplicator  by  the  Powers  of  z  or  j 
continually,  according  to  the  Dire&ion  of  the  ^e^em^  efpecially  where  x  is 
fmall  and  Integer,  referving  the  proper  Quotes  to  be  added  together,  when 
you  have  produced  your  Logarithm  to  as  many  Figures  as  you  defire ;  pf 
which  Method  I  will  give  a  Specimen,  in  theLc^rithms  of  the  firft  prime 
Numbers  under  20  to  fixty  Places,  computed  by  Mr.  Abraham  Sharps  as  they 
were  communicated  to  me  by  our  common  Friend,  Mr.  Euclid  Speidal. 

Num.  Logarithms, 

3.  o,  301029995663981  i952i}738894724493026768i8988i464Fo854i3L0427 

3.  o,  477121254719662437295027903255115309200128864190695864829866 

7.  o,  84909804001425683071221625859263619348357239632396540650383^ 

11.  I,  041392685158225040750199971243024241706702190466453094596539 

13.  I,  113943352306837769206541^950462462^45611890050536732885980^3 

17.  1,  230448921378273028540169894328337030007567378425046397380368 

19.  i^  ^78753600952828961 536333475756929317951192337394497598906819 

The  next  Prime  Number  is  23,  which  Iwill  take  for  an  Example  of  the 
foregoing  Doctrine  4  and  by  the  firft  Rules*  the  Logarithm  of  the  Ratio  tff 
22  to  23  will  be  found  to  be  either 

22      968^^31944      937024   "^  25768160 


or 


23    »    1058  "T"  36531    •u  19364  ,'T"  32181715   ^^ 


As 


As  likcwife  thut  of  the  Rwb  of  2j  to  24  by  a  like  Proccfi, 

23  "^10^8  +  ^^^ 

'    4/   ^      I    .  J-    -I.        J         •          I  «^ 

^'^JU  "f  »■  «4-         ■■  -t    '  J^  -^ -— )  Oct: 

2>j,77ix5^   '   4H7J--     13x7104X39813120 
Aiui  this.  isiheJlefiiltoif  tbeDo£lriaaof  JV^^^/jsr^  as  improve^  by  the  iearn- 

tS^tit.  WttUs^    But  by  the  ^condL-neorem^  viz. 1 ,  4:  — F^  ^^* 

t||ft:fiKrie;£4)fladaH^  lowit^^ 

47T  ^^^69  rr  I  '4^725035  ^  3546361843^^ 

winch  was  invented'  and  demohftrated  in  the  Hyperbolical  Spaqes  analogous 
to  the  Logari^ms,  by  th6  excellent  Mr.  James  Gregory^  in.  his  Exercitationes 
GttnMeirit^  and  fincc  further  profecuted  by  the  aforelaid  Mv.  Speidallj  in  a 
late  Trcatifc  jn_£j5;f/^  ^y,.hifn  piibIi(he<l>on  this  Subjpft.  Butrthe  Demon- 
ffiatibn,  as  I  conceive,  was  never  till  now'  pcrfefted  wfrfiout  the  Confidera- 
tion  of  the  H^^^ffbo\^yfhkh(ki  9  Matter  purely  Arithmeticul).^  this  is,  can- 
not fo  properly  be  applied.  But  what  follows,  I  think,  I  may  more  juftly 
daimasn^yioite,.  vpn.  Thatibe.ljDgurUbfrH(ftii$  RtUip  of  the  Gt^metrical  Jfifnn 
ia  the  Aritbmiical^  between  22  and  24,,  or  of  V  528  to  23,  will  be  found 
to  be  cidier,'  . '  -  .^.  ; 

I  I  ,      ,,        '  1  '       ,;  I 

To^^  1 1 19364  T^"  8582 1 5^34  "+■  626487882248^  *^'  ^ 

1057    ,  35^^79^^579'      659676558485285* 

Allthefe  Series  being  to^  be  multiplied  into  0,4342944819,  (^c.  if  you 
defign  to  make  the  Logarithm  of^ Briggf.  But  with  great  Advantage  inre- 
fpeft  of  the  Work,  the  faid  0,4342944819,  &c.  is  divided  by  1057,  and  the . 
Qootieitt  thereof  again  divided*  by  three  times  the  Square  of  1057,  and  thac^ 
Quotient  again  by  {  of  that  Square;,  and  that  Quotient  by  -f  thereof,  and  fo. 
forth,  till  you  have  as  many  Figures  of  your  Logarith'n  as  you  defire.  As 
br  Example,  the  Logarithm  of  the  Geometrical  Mean  between  22  and  24 
i  'ound  by  the  logarithms  of  2,  3,  and  m>  to  be  ^ 


1,36. 


^  (  "®  ) 

1*3^13^69^1^6^90^12945009172659805 

1057)  434*9  ^<^-  ( 410874628101468143473x5886368 

3  in  III 7249)  41087  &c,  ( 1 2^5852 « 5441 8 1829460074 

{.  in  1 117249)  12258  &c.  ( -•---.  6583235184376175 

i  in  1 117249)  65832  &c.  ( 4268829765 

f  in  1 1 17249)  42088  &c.  (. -•-.^ 2930  ' 

Summa.  w6i727836oi757287>867777i  122511^ 

Which  is  the  Logarithm  of  25  to  thirty-two  Places  «nd  dbtfkiusd  hy  fivft 
Divifions  with  very  fmall  Divifors ;  all  which  is  much  lefi  Work  than  uioply 
multiplying  the  Series  into  the  lai£tMultiplicator  0,43429,  &c.         ' 

From  the  Logarithm  given  to  find  what  Ratio itexpreflb,  b a  Pr^Im  that 
has  not  been  fo  much  confidered  as  the  former,  but  which  is  folved  with  the 
like  Eafe,  and  demonftrated  by  .^  like  Procels,  from  ttie  fame  general  Tieorem . 
of  Mr.  Newton  ;  for  as  the  Logarithm  of  the  Ratio  of  i  to  i  -|r ;  was  pio* 

vcd  to  be  I  +  ^°*  -i-  I,  and  that  of  the  Ratio  ofitoi--:^tobei.»« 

1  —  f^':  fo  the  Logarithm,  which  we  will  fionfi^  henceforth  call  L,  being 

given,  I  4-  L  will  be  equal  to  i  4^    in  the  one  Cafe,  ^  i L  will 

be  equal  to  i  —  fjp  in  the  other:  Conicquently  I'ljIX*  will  be  ecmal  to 
X  -j-  ff  and  I  —  D*  to  1  — .  J ;  that  is,  according  to  Mr.  Newion*%  iaid  Rulc» 

i  +  ^L+i«i*L*  +  |i»^L'  +  -^i»*'L^+^«sLS  a^,  wiU  bc  = 

to  I  +  J  i   and  I  ~  w  L  4-  -•  j»*  L'  —  ^  w'  L'  J m^lA i-  m 

'   *  '2  6  *   24  120 

LS  ^c.  will  be  equal  to  1  —  5';  m  being  any  infinite  Index  whatfo- 
tytr:  which  is  a  full  and  general  Propofition  ftota  the  Logarithm  given  to 
find  the  Number,  be  the  Species  ofsLogarithms  what  it  will.  Butif  iV^ 
/>/>r's  Logarithm  be  given,  the  Mukiplication  by  m  is  faved,  (which  Mokipli- 
cation  is  indeed  no  other  than  the  reducing  thef  other  Species  to  his)  and  ihc 

Scries  will  be  more  fimple,   viz.  i  -^  L  -|-  -  L*  ^  g  L'  -f-  —  L*  4- 

■^  U  6f..  or  X -.L  + i  L»-.i  L'-f  ^^  L^^^LS  ©>..  This 

Scries,  cfpecially  in  great  Numbers,  converges  fo  flowly,  that  it  were  to 
be  wiflied  it  could  be  con  traded. 


o- 


If  one  Term  of  the  Ratio,  whereof  L  is  the  Logarithm,  be  given,  the  ^ 
ther  Term  will  be  had  eafil^  by  the  fame  Rule :  For  if  L  were  Napier's  Loga- 
rithm 


(HI   )         • 

rithm  of  the  Racio  of  a  the  Icfler  to  *  the  greater  Term,  i  would  be  ihc  Pro- 

dua  of  a  into  i  ^L^  T  ^*  +  T  LS  &c.  =  «  +  ^  L  +  —  a  L' 

+  -^  «  L^  &c-  But  if ^  were  given,  a  would  be  =  ^~^L.j b  L* 

—  -7-  ^  L',  &c.  Whence,  by  the  help  of  the  Chiliads^  the  Number  apper- 
taining to  any  Logarithm  will  be  cxaflly  had  to  the  utmoft  Extent  of  the 
Tables.  If  you  feck  the  neareft  next  Logarithm,  whether  greater  or  leffcr, 
and  call  its  Number  a  if  lefler,  or  b  if  greater  ;  then  the  given  L,  and  the  Dif- 
ference thereof  from  the  faid  neareft  Logarithm  you  call  /;  it  will  follow  th^ 
the  Number  anfwcring  to  the  Logarithm  L  will  be  either  a  into  i  -|-  / 

^/j-j-T"'^ — 720''  ^^'  wherein  as  /  is  lefs,  the  Series  will  converge 
the  fwifter.  And  if  the  firft  20000  Logarithms  be  given  to  14  Places,  there 
is  rarely  occafion  for  the  three  firft  Steps  of  this  Serie$  to  find  the  Number  to 
as  many  Places.  But  for  Ulacq^s  great  Canon  of  1 00000  Logarithms,  which 
is  made  but  to  tcA  Places,  there  is  fcarce  ever  need  for  more  than  the  firft 
Step  a-^alj  or  a -^m  a  I  in  one  Cafe,  or  elfe  b  —  ^  /,  or  ^  —  mb Tin  the 
other,  to  have  the  Number  true  to  as  many  Figures  as  thofe  Logarithms 
conGft  of. 

There  is  another  Series  which  is  not  indeed  fo  (imple  and  uniform,  yet  the 
firft  Step  thereof  is  moft  commodious  for  Pradtice,  and  exaft  enough  for^Tables 

/I  I  h  1  ^ 

not  exceeding  14  Places :  It  is  thus ;  a  -) —I ox  b r— r-t   will    be 

I  — T  *  "r  t  ^   . 

the  Number  anfwering  to  the  Logarithm  given,  differing  from  the  Truth  but 
by  one  half  of  the  third  Step  from  the  former  Series.  But  that  which  renders  it 
yet  more  eligible  is,  that  with  equal  Facility  it  ferves  for  Briggs's  or  any  other 

fort  of  Logarithms,  with  the  only  Variation  of  writing  —  inftead  of  i,  that  is 

al  bl  ^^  +  ^^^        4-^—'^^ 

and  ^— .— or  H and  ZL 'which 


I         .  ,  I 


^  m        ^  m    ^ 

V  cafily  refolved  into  Analogies,  viz. 

AS42429&C.  —  J/:  1043429  +  1 /::fo  is tf:7  ^    .u^  x-      ^      r      \ 
, As  434^9  &c.  +  i  / :  to  43429 1  •  / : :  lb  is  ^ :  1  ^°  ^^'^  ^  "^^'-'•-  ^^"S'^^' 

Vol.  I.  R  If 
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•  Jf  more;  of  this  Series  bf  defired,  it  v^iUbc  found  as  followsy 

a^^  '--_>/ !-^       '.  f^.  ■■;:.    /  v^  fc?^.  as.majr.  eafily  be  demonftratcd  by 

working  out  the  Diyifions  in  each  Step,  and  coliefting  the  Quotes,  whofc 
Snm  will  be  found  to  agree  \vith<x3r  former  Scries;  which  is  no  other  than  in 
eafy  Corollary  to  Mr.  Newton*s  general  Theorem  for  forming  Roofs  and  Po^juers. 

XXIX.  Papers  oflefs  General  Ufe  omitted, 

rangtntm        i'     A  Bfcviat  of  Dr.  JValUsh  two  Methods  of  drawing  Tangents;  Ex- 
Carwj.N.si.  g     £\^  traftcd  by  him  from  his  Con.  SeB,  and  other  Pares  of  his  Mathema^ 

M^' An.  i67Z Jif^aflVorks.  /. 

Rtaification  of       2,  Mr.  Ht^getis  in  his  Hor.  Ofcill.  having  given  M.  Huraet  the  Honour  of  in- 
^"6^46^6?^.  venting  a  Curve  equal  to  a  Straight  I^-ine  in  tlie  Year  1659  ;•  Dr.  JVallis  here 
Not.  An.  1673.  aflerts  this  Invention  to  Mr.  William  Neile  (Son  of  Sir  Paul  Neile)^  who 
difcovered  and  demonftrated  the  Equality  of  a  Paraboloid  to  a  Straight  Line 
two  Years  before.     The  fame  was  foon  after  ocherwife  demonftratcd  by  my 
Lord  Brounker,  and  Sir  Cbrijlopher  Wren^  in  June  and  July  1657  ;  and  the 
pemonftrations  inferted  by  Dr.  fVallis^  in  his  Tn^fl:  de  Cycloide  1659,  with 
a  fair  Relation  of  the  whole  Matter,     Befides,  Sir  Cbrijlopher  JVr en  found  a 
ft.^6Iso.      ftraight  Line  equal  to  that  of  2l  Cycloid  in  the  Year  1658:  Yet  he  freely 
confcffes  Mr.  Neik*s  Invention  of  a  Curve  capable  of  ReStijkdtion  the  Year 
before. 
rrantf^^ntUn  '     g.  Thc  PMoox.  G alloy s ^  having,  in  the  Year  1693,  aflcrted  thatMr.  7^w« 
^fCuT'vt%.'\!^.%\t^'QypgQyy  ^y^j  £)p  Bdrrow  ftolc  thcir  General  Propofitions  concerning  the  Tranf- 
Kw.^Ati.  j^^'  formaiion  of  Curves  from  Mr.  Robervall\  T)r.  David  Gregory  here  fully  refutes 
that  Affertion.     For  Mr.  Gregory  publiflied  his  Book  at  Padua  1668,  and 
Dr.  BarroHJo  his  Leif tones  Geometric^e  1674,  which  Mr.  i?(?^^n;i2//doubtle(s  had 
a  Sight  of  before  he  died  (which  was  not  iiW  OSlober  1675;,  yet  he  ncycr 
complained  of  any  fuch  Injury  done  him. 
tiyciwdAiiSpaeti       4-  Bcfidcs  that  Segment  of  the  Semicycloidal  Figure^  firft  obfcrved  by  Sir 
f^fi^b^^^''^' Cbrijiopher  Wren^  and  after  him  by  Mr.  HuygenSy  and  a  Tri linear  Part  of  it, 
oa.  An!  leVsV  which  are  capable  of  being  Geometrically  Squared  ;  Dr.  Wallis  here  produces 
from  his  Tfads  de  Cydoide^  and  de  Motu^  feme  other  Portions  thereof  equally 
capable  of  Quadrature. 
"rbeCyehidcon"      5-  Dr. /if^^///j  finds  among  tlic  Mathematical  Wotks  of^^t^rV/^j,  publifhed 
jUder'dhtigago^  at  fcveral  times  between  the  Years  1501  and' 1510,  that  the  Curve  (which   is 
juM*ABrx697*.  now  called  the  Cycloid^)  was  then  ccnfidtred.     But  he  alfo  finds  that  Bovi/l 
was  not  the  firft  who  confidcred  it:  For  Cardinal  Cufanus^  as  appears  by  z 
ancient  Manufcript  of  his  Works  (tranfcribed  by  7-  Scoblant  in  the  Year  145 
had  confidered  it  fome  time  before.     The  Figure  indeed  (diro*  the  Unskilt 
nefs  of  the  Tranfcriber)  both  in  the  MS.  and  the  Baftl  Jidition,  A.  1565^      \ 
very  ill  drawn  ;  but  being  correded  according  to  the  true  Meaning  of  th    : 
CardinaPs  own  Words,  it  evidently  reprefents  the  modern  Cycloid.     Frof  1 
hence  *Eis  manifeft,  that  this  Curve  was  not  firft  taken  into  Confidc«.ci€   1 

cithr  r 


(  "3') 

cither  by  Merfennus  or  Galileo^  but  fome  Ages  before,  tho'  never  well  an*    '       •  ■    ^ 
dcrftood  till  this  prefcnt  Age. 

.    6.  Some  Papers  fent  by  Mr.  Jo.  Collins  to  Dr.  JVallis^  giving  his  Thoughts  f,^/;^^ 
about  fdnie  Dctedts  in  Algebra  j  which  he  did  not  Jive  to  finiih.  f'sii^  ^' 

May  An.  x6S4* 

XXX.  AccoU7its  of  Books^  with  Editions^  Emendations^  &c.  omitted, 

!•  in^Uclidis  Elementa  Geometrica^   novo  ordine  ae  methodo   demMrata^^-'^s-P-'^^^ 
Vj  Lond.i  666, 

2.  Archimedis  Opera  \  Apollonii  Perg :  Conic.  Libri  iv ;  Theodofii  Sfb^ica^  n.  1x4.^.  31^. 
Methodo  nova  illufirata^  fcf  fuccinSe  demonfirata :   ab  Ifa,  Barrow,  R.  5.  A\ 

Ia>nd.  16^5.  in  ^to, 

3.  A(X*l*iiiig  tS  XvfctKHU'ikt  ^ctfAfAntK^  ii  KvxAx  jUfeTfJi<rif :  EvroKta  'A<rK«A«»iT^  «V  K.  113.^  567. 
sujTfif  vvofjanf*cti  -fee-  C«»f  Verfione  fc?  iV(?//j  Jo.  Wallis,  S.  S.  Th.  D.  Oxon. 

1676. 

4.  7*^^  Smymaus^  publiflied  at  Paris  by  ^7^<f/  Bulia/dus  in  Greek  and  N.so./.  3095* 
X^tin. 

5.  Diophanti  Akxamdnni  Aritbmeticorum  Libri  fcXy  £s?  deNttmeris  Multan-  ti.jf%.  p.  ii%%. 
gulis  Liber  unus ;  cum  Commentariis  C.  G.  Bacheti,  W  Obfervationibus  D.  P. 

de  Fermat,  Senatoris  Tholofani :   cut  accejfit  Doulrina  Analytics  Inventum 
Novum.     ToJofaj  1670.  in  Folio. 

6.  The  Works  of  Monfieur  de  Fermat.  N.  i.^  ^5. 

7.  Francifci  du  Laurens  Specimina  Mathematical  duobus  Lihris  comprehenfa.  n.  30. 580. 
Hortim  prior  Syntheticus  agit  de  Genuinis  Matbefeos  Principiis  in  genere  \  in 

Jpecie  autem  de  veris  Geometric  Elementis  hucufque  rtondum  traditis,     Pojierior 
jinalylicus  de  Methodo  Compofttionis  atque  Refolutionis  fufe  dijferit^  ^  multa  s.^^-v-^'i^^ 
nova  compk^itur^  qu^e  fubtilijftmam  Analyfeos  Art  em  mirum  in  mcdum  promo-  ^\  jg!^.!^,' 
*ueni.     This  Book  is  here  cenfured,  fomc  Miftakes  in  it  corrected,  and  the  n. 41.^825. 
Cenfure  vindicated,  by  Dr.  fFaltis. 

S.  R.  P.  Andreae  Taquer,  e  S.  J.  Opera  Mathematica,  Antwerp.  1669.  in  N.43./.  ^69. 
Folio. 

9.  A  Mathematical  Compendium,  collefted  out  of  the  Notes  and  Papers  n.  104^83. 
of  Sir  Jonas  Moore ^  by  Nicholas,  Stevenfon,  Lond.  1674.  in  12?;;^. 

10.  R.  P.  Claudii  Franc.  Milliet  de  Chales,  e  S.J.  Curfus  feu  Mundus  Ma-  >•'•  "0^^229. 
tbematicus^  univcrf&m  Matheftn  tribus  Tomis  compleilens.     Lugd,   1674.  in 

Folio. 

11.  The  Mathematical  Works  of  Dr.  Jo.  V/allis^  Saviltan  Profcffor  <?/"». ^16. ^ ^5. 
Geometry  in  the  Univerfity  of  Oxford^  &c  F.R.  S.  in  three  Volumes  in  Folio.    '^^'^'P'^'*^' 

.2.  An  Introduftion  to  Algebra,  tranflated  out  of  High  Dutch  into  Eng-  n.35.^68s. 
7  by  Tho.  Brankery  M.  A.  much  altered  and  augmented  by  Dr.  J.  PelL 
iTo  a  Table  of  fuch  odd  Numbers  as  are  lefs  than  One  Hundred  Thouland, 

xewing  thofe  tliat  are  Incompofit^  and  refolving  the  reft  into  their  Fa£lors^  or 

crfficients.  Lond.  in  4/^. 

3,  Labyrintbus  Algebra.  Autb.  Job.  Jac.  Fergufon-  1667.  in  ^0.  N.49.f.99«* 
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N.  90.^5152.      x4.  The  Elements  of  that  Mathematical  Science  called  jilg^bra\  hy  Jdn 
N.'csf/*.  192'.  Kerfey.  Lond.  1673.  in  Folip. 

N  !*^'"'^o         '5*  ^  Trcatife  of  Algebra^  both  Hiftorical  and  Praftical  \  by  7(?.  Wallis^ 
Nii33!^  7^30^0.  D.  In  the  109th  Cji^pter  there  are  fome  Numbers  niiftaken,  which  are 

here  reftified  by  the  Author. 
N.  i4.^2<;3.        16.  De  Principiu  £2?  RaiiHtnatione  Gecmetrarufn\  contra  Fajlum  Profejfo'' 
'  •*^'^*^9-    ^^^  Geometriw,  Julbcre  Tho,  Hobbes.  This  Boole  is  here  animadverted  on, 

aiid  antwered,  hy  Dr.  ff^allis. 
N.48.j>.  971.        17.  ThomfE  hlobbts^^adrafuraCirailiy  Cubatio  Sph^r^y  Duplicatio  Cubi^ 

'  ^     cofifutata.  Auth.  Jo.  Wallis.  S.  T.  D.  Gxon.  1669.  in  ,^^r/^. 
N.  55.  ^.  iiai.  .    18.  Thomjc  Hobbes  S^adratura  Circuity  Qubatio  Sph^ra^  DuplicalipfCu^i, 

{fecundo  edita)  denuo  refutata,  Anth.  Jo.  Wallis.  S.  T.  D.  Oxon.  1669. 
N*  7a,  A  i;8^.       1 9.  Rcfetum  Geomeiricum^  cumCenfurabnvi  DodriiiJ^  Waiiiuanae  de  ^otu. 

Auth.  Tho.  Hobbes  Mdlmefiurienfi,  Load.  1671.  in  ^^rla.     This  Book  i^ 
N.  73.  /».  2201.  here  anfwered  by  Dr.  IVallis. 
N.75.A4i4ii      ^Q-  Four  Papers  of  Mr.  Hobbs's^  publjflied'in  the  Months  of  Auguji  znd 

September  1671.  which  are  here  anfwered  by 

N.86.^  5047.       21.  Lux  Mathematical  CoUificnihus  Johannis  V'allifiii  S:  T.  D.  fe?  Thomae 
.  Hobbefii  Malmfburienfis,  exctfj/dy  multis  ^  fu^^cniH/ims  au^a  radiis.  Autb^ 

R.  R.  Adjunila  Cenfura  Do£irifj*e  Wallifianae  dt  Librae  una  cum  Rofcto  Hobbe- 
^'•^7-^5o67-  fii.  Lond.  1672.  in  ^tarto.     This  Book  is  here  a.ifwcrrcd  by  Dr.  IVallis. 
N.  97.^  6131.      22.  Principia  £f?  Prcblemata  aliquot  Geometrical  ante  defperata^  nunc  brevt- 

ter  explicata  i^  demcnjtrat^.   Autb.  T.  H.  Malmsburicnfi.  Lond.  1673.  in 

i^iarto. 
N.  X85.  p.  245.      23.  Le  Grand  fc?  Fameus  Prsbleme  de  la  ^adrature  du  Cer'cle  refolu  Geome- 

triquement  par  le  Cercle  (^  la  Ligne  droits  par  M.  Mallemenc  de  Meflange. 

a  raris.  i6S6.  in  Twelves,     This  Book  is  here  refuted  by  M.  D.  Cluverius. 

R.S.S. 
K.  32.  j&.  €25.       24.  Nouveaux  Elemens  de  Geometric :  Or  a  Maxhematical  Treatife,  entituled 

New  Elements  of  Geometry.  Paris  1667.  in  Quarto. 
N.  j^.p.  3064.      25.  Elemens  de  Geometric  ;  /^^r  /^  P.  Ignac€  Gallon  Pardies,  de  la  Comp.  de 

J.  a  Paris  1 671.  in  Twelves, 
N.  33.^640.        ^^-  ^-  ^^^^  Circular  HyperboLe  ^adratura^  in  propria  fua  Proper iionis 

Specie  inventa  &  Demonjrata^  a  Jac.  Gregorio  Scoto.  J^atavii.  in  ^arto. 
z*./>.  641.       This  Subjeft  is  here  further  conCdered,  and  the  Area  of  an  Hyperbole  ex- 
plained ;  by  Mr.  J.  Collins. 
V'iTf'ii^'        2.  M.  Huygens  having  puWifhed  Animadverfions  upon  this  Book,  in  the 

Journal  de  Sfavans^  1668.  Mr.  Grf^^?;y  here  anfwersthem.  To  this  M.  Huy- 
N.  44./.  882.  gens  replied  in  a  following  Journal  of  that  Year-,  and  Mr.  Gregory  ^  further  to 

elucidate  the  Controverfy,  here  returns  a  fccord  Anfwer. 
ij.  ai6.>>.  65.        3.  In  the  48th  Page  of  this  Book,  Mr.  Halley  has  dilcovered  and  correft* 

cd  a  fmaJl  Miftake  in  the  Logarithm  of  10. 
N.  35.^.  685.       27.  Geometric  pars  UniverfaliSy  ^lantilatum  Curvarum  Tranfmutationi  l^ 

Menfura  injerviens.    Autb.  Jac.  Gregorio  5r^/^.,  Patavii  1668.  in  ^arto. 
*r.37./.378.         28.  Dt  Injinitis  Spiralibus  inver/iSy  hfinitifque  Hyperbolis,  aliifque  Geomt 

tricis.  Auth.  F.  Stephano  de  Angclis  Veneto.  Patavii.  in  ^arto. 

29.  Micbaelis 


(lis) 

«9.  Micbaelis  Aigeli  Ric<i  E^erdWio  Ge(^mtrica.  Romaj,  in  4/^ .  Reprinted  n.^^*  *;  73** 
at  London^  and  annexed  to  Menator^s.  Logaritbmotecbnia. 

30.  KtnziiVxdiX\c.S\\j&\  Mefolabum.  Cui  aceejjii  pars  aUeradeAmlyfi^  £sf  N.4s.^.903. 
MtfcelUnta.    Leodii  Eburonum.  1 66S.  in  4/^.  .  .      , 

31.  Elementa  Geometric  Plana.  /4kA&^^  iEgidio  Francifcode  GottigniesN.  67. >.  1,054. 
Bruxellenfi.  5..7-.R<^nise.  1669.  in  law^.   :  ^ 

32.  Symp/tsGeometrica  \  cum  tribus  OpufcuUs^  de  Linea  Sinuum  £s?  Cycloide  \  n-  67  ^  2054.' 
^tf  Maximis  tf?  Minimis^  Centuria  \  t?  Synopfis  Geometriit  Plana.  Aith.  Konor. 

Fabry.  tSL.y.  T  jigdnni  .Galliarum.  1669,  in  i2mo 

33.  LeSionef  y\n.  Gecmetrica  \   in  quibus  (prafertim)  Generalia  Linearum^-js^p.  ti^o* 
Ctervarum  Symptomata  deckranlur^-abUgacolidtrvowi  Lond.  1669.  in  4/^.  To 

thck  LiCdures  the  Author  here  adds  feveral  Corollaries  and  Theorems. 

34.  Erafmi  Bartholin!  SeleSla  Geomelrica.  Haunir^.  .1674.  in  4/^.  n.  106. ^  137. 

35.  Eletnens  desMathematiques^  oti  Principe s  Gcneraux  4^  toutes  les  Sciences  n.  1x6.^.638, 
qui  ont  les  Grandeurs  pour  Obje£l.  Par],  P.  a  Paris  1675,  in  4/<7. 

^6,  Nouvelle  Methode  en  Geometrie  pour  ks-Seifions  des  Superficies.  Coniques  N.  1*9. ^  745. 
<y  CylMriques  \  qui  ont  pour  Bafe  des  Circles^  ou  des  Parcboles^  des  Ellipfes^ 
fff  des  Hyperholi^ues  \  par  Ph.  de  Ja  Hire,  a  Paris  1673.  in  4/^.     •  '    , 

37.  DeCycloide(^Se£fionibusConicis.Fh.c\thH'nQ.'  Bid,p.y46., 

38.  The  Geometrical  Key,   or  Conftruftion  of  all  Equations,    Linear,  n.  157.^549, 
Quadratic,   Cubic,  and  Biquadratic,,  by  a  Circle  and  one  only  Parabola ; 

by  M  r.  Tbo.  Baker. 

39.  Exercitaiio  Geometrica  de  Vimenfione  Figurarum.  Auth.  Davide;Grfgo-  n.  i%-.a.«o, 
rio.  Edinb.  1684.  in  4/^. 

40.  Metbodus  Figurarum  Lineis  Re^is  6?  Curvis  comprebenfarum  ^adra-  n.  183.^.  185. 
iuras  deierminandiy  Autb.}.  Craig.  Lond.  1685.  in  4/^.     To  this  Tradl  the /^/i.^.  186. 
Author  here  makes  an  Addition  ;  and  takes  notice  of  fome  Remarks  made  on  n.  235.  ^  786. 
it  m  the  A£l.  Lipf.  by  M,  LeibnitZy  and  M,  J.  Bernoulli.   , 

41.  TraSaius  Maibematicus  de  Figurarum  Curvilinearum  Sluadraturis  6sfN.109.Mi3. 
Z^cis  Geometricis.  Auth.  J.  Craig.  Lond.  1693.  in  4/^. 

42.  Tra^atus  de  Principiis  Calculi  Exponentialis.  Auib.   D.  Bernoullio5N.a45.^.374^ 
wherein  a  Miftake  is  here  difcovered  and  correfted,  by  Mr.  Craig. 

43.  Analyfts  Geometrica^  five  nova  £5?  vera  Metbodus  Refolvendi^  tarn  Pr^-N.  257.^,351. 
blemata  Geometrica^  quam  Aritbmeticas  ^ajiiones.  Pars  prima^  de  Planis. 

Autb.  D.  Antonio  Hugone  de  Omerique  Sanlucarenfe. 

44.  Stereometrical  Propofitions,  varioufly  applicable,  but  particularly  in- n.  39.^785. 
tended  for  Gauging  \  by  Rob.  Anderfon.  Lond.  1668.  in  ivo. 

45.  Gauging  promoted  ;  being  an  Appendix  to  Stereometrical  Propofitions ;  n.  47.^.  960.  ] 
Rob.  Anderfon.  Lond.  1669.  in  8t;^. 

.6.  G/iar^;»g- Epitomized  i  by  Mich.  Dary,  Lond.  1699.  upon  one  FolioN.5».^.ios4i 
tf:e. 

.  Tabula  Numerorum  ^adratorum  decies  Millium^  una  cum  ipforum  Late-  N.8a./.4050i 
^j  ab  Unitate  incipientibusy  6?  Ordine  Naturali  ufque  ad  loooo  progredien^ 
us.  Lond.  1672.  ^ 

8.  The  Defcription  and  tJfe  of  two  Arithmetick  Inftruments,  &?r.  by  n.  94.  ^  6048. 
r  Sam.  Mor eland.  Lond.  1^73. 

49.  Johannis 


.     (  >i6) 

K.i30'^9«o-      49.  Joliannis  WaTlHii  S.  T*  D.  Exercitaliones  ins :  t/D^'Comeiarum  Di* 

Jiantiis  invejiigandis.    2.  Be  Rationum^  fe?  FraSlionam  ReduSionf.    g,  De  Pi* 

'  "  nrW^  Juliano.  Lond  1078. 

N.  38.^7S3.       50.  Logaritbmotecbnia'ii'\c\io\2L\Mtrc^lom,  Lortd.  ii568.  ini^/^ar/^.  This 

j>r^./>:  756.     Author's  Method  of  fquaring  the  Hyperbola,  and  off  fihding  the  Sum  of  the 

Uid.p.is9^     Logarithms  is  here  improved  by  Dr.  fVdllis,  and  further  explicated  by  th« 

.   Author  himfcJf. 


CHAP.     IL 

Tngommetryj  Survey s^g. 

A  Chrhfiographi'  j^  Pfob.  tT^  H  E  Dtjlatjces  of  three  Objects  in  the  fame  Plane  being  given ^  as 
"^S^dt^uT  '      J[    yi,  5,  C  5  the  Angles  made  at  a  fourth  Place  in  the  fame  Plane^ 

Rich.  Town-    ^j  at  Sy  are  obferved:  the  Dijtances  from  the  Place  of  Obfervation  to  the  re- 
!Sr.^nCou  fpeaive  ObjeSs  are  required. 

War  An.  1674;  *"  ^    "  Tkc  Problem  huth' Rx  Cafes. 

'  ^'fsr--'  dT^'^^^  i.If  theStation  be  taken  without  the  Triangle  made  by  the  Ob- 
m         jefts,  but  in  one  of  the  Sides  thereof  produced,  as  at  S :  find  the  Angifs 
V^  A  C  B  -,  then  in  the  Triangle  ACS,  all  the  Angles  and  the  Side  A  C 
are  known  ;  whence  either  or  both  the  Diftances  S  A,  or  S  C,  may  be  found. 
^.  Cafe  2.  If  the  Station  be  in  one  of  the  Sides  of  the  Triangle,  as  at  S: 

'^'  ^  '  then  having  the  three  Sides,  AC,  C  B,  B  A,  given,  find  the  Angle  CAB; 
then  again  in  the  Triangle  SAB  all  the  Angles,  and  the  Side  A  B.  are 
known  ;  whence  may  be  found  either  A  S^  or  S  B,  Geometrically  ;  if  you 
make  the  Angle  CAD  equal  to  the  obferved  Angle  C  S  B,  and  draw  B  S 
parallel  to  D  A,  you  determine  jhe  Point  of  Station  S. 
.      '  Cofe  3.  If  the  three  Obje<ftsI^  in  a  right  Line  as  A  C  D  (fuppofe  it  done), 

'^*  ^^*  and  that  a  Circle  paffeth  through  the  Station  S,  and  the  two  Exterior  Objefts 
A,  B:  then  is  the  Angle  A  B D  equal  to  the  obferved  Angle  ASC(by  21. 3.  £.) 
as  infilling  on  the  fame  Arch  A  D ;  and  the  Angle  B  A  D  in  like  manner 
equal  to  the  obferved  Angle  CS  B:  By  this  means  the  Point  D  is  determined, 
join  D  C,  and  produce  .the  fame,  then  a  Circle  paffing  through  the  Points 
*A,  B,  D,  interfefts  D  C  produced,  at  S,  the  Place  of  Station. 
:  Calculation.]  In  the  Triangle  ADD,  all  the  Angles  and  the  Side  A B,  are 
known,  whence  may  be  found  the  Side  A  D. 
■  '  Then  in  the  Triangle  CAD,  the  two  Sides  C  A,  and  AD,  are  known, 
-  and  their  contained  Angle  C  A  D  is  known ;  whence  may  be  found  the  An- 
gles C  D  A,  and  A  C  D,  the  Complement  whereof  to  a  Semicircle  is  the  An- 
gle S  C  A :  in  which  Triangle  the^Angles  are  now  all  known,  and  the  Side 
A  C:  whence  may  be  found  either  of  the  Diftances  SC,  or  S  A. 

Cafe 


(  IV  J 

Cafe  4:  If  the  Station  be  without  the  Triangle  made  by  The  Objefts,  the  Ti-  «•• 
Sum  of  the  Angles  obferved  is  left  than  four  Ri^ht  Angles.  The  CoKjiruSiion 
is  the  fame  s^  in  tbe  laft  Cafe^  and.  the  ^Calculattcn  likewife ;  faving  that  you 
muft  make  one  Operation  more ;  having  the  three  Sides  A  C,  QB,  B  A,  there- 
by find  the  Angle  CAB,  which'add  to  the  Angle  E  A  D,  then  you  have  the  . 
two  Sidqs*  .«;/?;  A  C,  being  one  of  the  Di (lances,  and  A  D,  (found  as  in  the 
former  Gafe)  with  their  contained  Angle  C  i\  D,  given,  to  find  the  Angles 
CD  A3  and  A  CD,  the  Complement  whereof  to  a  Semicircle  is  the  Angle 
SC A :  Now  in  the  Triangle  S C'A,  the  Angle  at  C  being  foundt  and  at  S 
obferved,  and  given  by  Suppofition,  the  other  at  A  is  likewife  known,  as  be- 
iogthe  Cotnpiement  of  the  two  former  to  a.Semicircle,  and  the  Side  AC 
given;  henc^  the  Pittances  C Sj  or  AS,  may  be  found. 

Cafe  5.  If  t;h«^  Place  of.  Station  b^  at  fome  Point  within  the  Plane  of  the  ''i*^'- 
Triangle,  mad^  by  the  three  pbje6ts,  the  Conjiruilion  and  Calculation  are  the 
fame  as  in  the  laft,  faving  only,  that  inftcad  of  the  obferved  Angle  A  S  C,  the 
Angle  A  B  D  i^.eggal  to  the  Qofnplement  thereof  to  a  Semicirclci  to  wit,  it 
is  equal  to  the  Angle  A  S  D ;  both  of  them  infifting  on  the  fame  Arch  A  D : 
And  in  like  manner  the  Ang^eB  A  D  is  equal  to  the  Angle  D  S  B,  which  is 
the  Complement  of  the  obferved  CS  B ;  and  in  this  Cafe  the  Sum  of  the  ""  ^ 
three  Angles  obferved,  is  equ^l  to  four  Right  Angles. 

In  thefe.ithree  latter  G^jj/ij  no  yfe  is  made  of  the  Angfe  obferved  between  the 
two  Objefts,  as^  A.  and  3,  that  are  made  the  Bafe-  line  of  the  Qonjiruffion ;  yet 
the  fame  is  of  ready  ufe  for  finding  the  third  Diftance  or  laft  Side  fought ;  as  Tig.^o* 
in  the  Triangle  S  A  B,  there  is  given  the  Diftance  A  B,  its  oppofite  Angle  equal 
to  the  Sum  of  the  two  obferved  Angles,  and  the  Angle  SAB  attained,  as  in 
the  fourth  Cafe:-  Hence  the  third  Side,  or  laft  Diftance  SB,  may  be  found. 

And  i?ere  it.  may  be  noted,  that  the  three  Angles  C  A  S,  A  S  B,  S  B  C,  are 
together  equal  to  the  Angle  A C  B  •,  for  the  tvvo  Angles  CSB  and  CBS 
are  equal  to  E  C  B,  as  being  the  Complement  of  S  C  B  to  two  Right  Angles  j 
and  the  like  in  the  Triangle  on  the  other  Side.     Ergo^  &c.     -       , 

Cafe  6.  If  the  three  Objects  be  A,  B,  C,  and  the  Station  at  S,  as  before,  rig,  64. 
it  may  happen, .  according  to  the  former  ConJtruliionSy  that  the  Points  C  and 
D  may  fall  clofe  together,  and  fo  a  right  Line  joining  them,  fhall  be  produ- 
ced with  Uncertainty  ;  in  fuch  Caje  the  Circle  may  be  conceived  to  paTs 
through  the  Place  of  Station  at  S,  and  any  two  of  the  Objeds,  as  through 
B  and  C  •,  wherein  making  the  Angle  D  B  C  equal  to  the  obferved  Angle 
A  S  C,*  and  BCD  equal  to  the  Complement  to  180  deg,  of  both  the  obfer- 

1  Angles  in  D  S  Bj  thereby  the  Point  D  is  determined,  through  which> 

^  the  Points  C,  B,  the  Circle  is  to  be  defcribed ;  and  joining  DA,  (pro- 
I     ed  when  Need  rcquireth)  where  it  intcrfeds  the  Circle^  as  at  S,  is  the 

Lce  of  Station  fought. 

This  Problem  may  be  of  good  ufe  for  the  due  Situation  of  Sands  and  Rocks, 

t  arc  within  £ght  of  three  Places  upon  Land,  whofe  Diftances  are  well 
;  own  ;  or  for  ChorograpbualUffs^Scc.  efpecially  now  there  is  a  Method  of 
<  Mervipg.Aftg|jes  aic^'X  acguraite  by  the  Aid  of  a  Telcfcope, 

^  11.  Tht 


("8  )  . 

viriiCbtn^a-  '   H.  Thc  thrcc  following  Pr^^/^iwj  may  'bccur  at  Sea,  in  findrng  the  Di- 

jLwJjj^iTkfcw-ftance  and  Pofuion  of  Rocks,  Sands,  fcfr.  from  the  Shore;  or  in  Surveying 

^erofibtPhi'   theSea-Coaft;  when  only  two  ObjeCls,  whofc  Diftance  from  each  other  is 

cu^jro^ord.  known,  can  be  feen  at  one  Station:  But  efpecially  they  may  be  ufcful  to 

N.  x77•^Ia3»'one,  that  would  make  a  Map  of  a  Country  by  a  Series  of  Trianglf»  derived 

it.  An.  1685.  £^^  ^^^  ^^  ^^^^  meafured  Safes ;  which  is  the  moft  exaft  Way  of  finding 

the  Bearing  and  Diftance  of  Places  from  each  other,  and  thence  their  true 

Longitude  and  Latitude ;  and  may  confequently  occur  to  one  that  would  in 

that  Matter  meafure  a  Degree  on  the  Earth. 

tig.  63.  Prob.  I .]  There  are  two  OhjeSs  B  and  C,  wbofe  Diftance  B  C  is  known  5  and 

there  are  two  Stations  at  A  and  £,  where  the  Obje£ls  By  C,  heing  vifibky  and  tbf 
Stations  one  from  another j  the  Angles  BAC^  BAE^AEBy  AEC,  are  known 
by  Obfervation^  (which  may  be  made  with  an  ordinary  Surveying  Semicircle^ 
or  CrofS'Staff\  or,  if  the  Objefts  are  beyond  the  View  of  the  nak^  Eye,  with 
a  Telefcopic  ^adrant\)  Tojind  the  Diftances  or  Lines  A  B^  AC^AE^  EC. 

til.  64.  ConftruHion.']  In  each  of  the  Triangles,  B  A  E,  C  A  E,  two  Angles  at  A,  E, 

being  known,  the  third  is  alfo  known ;  then  take  any  Line  « t  at  pleafure,  on 
which  conftitute  the  Triangles,  3  « «»  « « y>  refpeftively  equiangular  to  thc 
Triangles  B  A  E,  A  E  C  jjoin  jS  y  :  Then  upon  B  C  conftitute  the  Triangles 
BCA,  BC  E,  equiangular  to  the  correfpondent  Triangles  /Sy  #,  jSyt,  join 
A  E,  and  the  Thing  is  manifeftly  done. 

The  Calculation.']  Affuming  » «,  of  any  Number  of  Parts,  in  the  Triangles 

^  j3 1,  a  y  f ,  the  Angles  being  given,  the  Sides  *  0,  ^^  y»  1 0, « yj  may  be  found 

by  Trigonometry  :  Then  in  the  Triangle  /3  <*  y,  having  the  Angle  jS  «  y,  and 

the  Legs  «  3,  «  y,  we  may  find  0  y.  Then  /3y:BC::3«(:BA::i3i:B£ 

: :  y  a :  C  A  : :  y  f :  C  E. 

Tig.  65.  Prob.  2.]  Three  ObjeEts  By  C,  D,  aregiven^  or  (which  is  the  fame)  the  Sides 

and  confetiuent  Angles  of  the  Triangle  BCD  are  given ;  alfo  there  are  two 
Points  or  Stations  Ay  E,  fuch  that  at  A  may  be  feen  the  three  Points  By  C,  £,  but 
not  Z),  and  at  the  Station  £,  may  be  feen  Ay  C,  JD,  but  notB\  that  isy  the  An- 
gles BAC.BAEy  AECyAEDy  {and  confequently  EACyAEC)  are  known 
by  Obfervation :  To  find  the  Lines  A  By  ACy  AEyECyED. 

Fig.  66,  Conjiruolion.]  Take  any  Line  «f  at  pleafure,  and  at  its  Extremities  make 

the  Angles  €  <»  y,  £  ^  3,  a  g  y,  u^iy  t  qual  to  the  correfpondent  obfcrved  Angles 
EAC,  EAB,  A  EC,  A  ED.  Produce /B*,  J«,  till  they  meet  in  ^5  join 
(p  y:  then  upon  C  B  dcfcribe  j[according  to  33.  3.  E.)  a  Segment  of  a  Circle, 
that  may  contain  an  Angle  z=y(p^'y  and  upon  C  D  defcribc  a  Segment  of  a 
Circle  capable  of  an  Angle  =  3^  (p  J:  Suppofe  F  the  common  Sedion  of  thefc 
2  Circles  >  join  F  B,  F  C,  F  D  j  then  from  the  Point  C,  draw  for  th^  Lines 
CA,  CE,  lb  that  the  Angle  FC  A  may  be=:(pyA,  and  FCErr:  $yf:  fo 
A,  E,  the  common  Seftions  of  C  A,  C  E,  with  F  B,  F  D,  will  be  thc  Points 
required,  from  whence  the  reft  is  eafily  deduced. 

Calcula/ion.2 
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Calctdafm.]  Aflumifig  i  §  of  any  Namber,  in  the  Triangles  ^  y^  att  9^^ 
allche  Angles  i3eing given,  With  the  Side  «ia£fumed,  theSides^;^,  iy,  <»<p,  ecp, 
will  be  known;  then  in  the  Triangle  y^^^  the  Angle'y^(^,  with  the  Legs 
•y»  «f:9»  being  kno^n^  the;  Angles  0<pyr»y9y  with  the  Side  ^ y^  will  be 
tcnown:  Then  as  for  the  relj  of  the  Work,  the  Triangle  BCD  haying  all 
its  Sides  and  Angles  knawn»  and  the  Angles  B  F  C,  B.F  D, ;  being  equal  to  the 
foaadfi<pyjfi(^ii  how  to  findFB,  FC,  FD/by  Calculation  {an^  alio 
Protraffion}  ha^  been  already  Ihewn  above  by  Mr.  CoUinSy  as  to  all  its  Cafa.      Sta.  r. 

But  it  muft  here  be  noted,  that  if  the  Sum  of  the  ob&rved  Angles;  ^  A  E, 
A  ED,  is  1 80  deg.  than  AB,  s^nd  £D,  cannot  meet,,  becaufe  they  are  pa- 
taliel,  and  confecju^ntly  the  given  Solution  cannot  take  Place  s  (or^  which 
Reafon  I  hjcre  fubjoin  another.  c   :  -  .i 

Another  Sclutim.l  Upon  B  C  dcfcribe  a  Segment  B  A  C,  of  a  Circle,  fo  that  Fig.  $7, 
the  Angle  of  the  Segment  may  be  equal  to  the  obicryed  Angle  0^j.,  /which 
is  (hewn  53. 3.  E,)  and  upon  C  D  defcribe  a  SegmentC  ED,  of  a  Circle,  ca- 
pable of  an  Angle  eq.ual  to  the  obferyed  C  ED;  frooi  C  draw  the  Dia<neters. 
of  thefc  Circles  CG,  CH ;  th^  upon.  CG  defaihe  a  Segment  of  ;a  Circle 
G  F  C,  capable  of  an  Angle  equal  to  tfie  obferved.A?gl?  ABC;  likewife  upon 
CHy  dcfcribe  a  Circle's  Segment  £F  A,  capable  of  /an  Angle  eqyal  to  the 
ol^nred  Angle  C  AE:  fuppofc  F  the  common ^Seftion  of  the  two  laft  Cir- 
desHFC,  GFC;  join  FH,  cutting  the  Circle  HECm  E;  join  .alfo  FG, 
cutting  the  Circle  G  A  C  in  A :  I  fay,  that  A^  £,•  are  the  Points  required. 

DemonJlraiioM^}  Forrthe  Angle  B  A  C  is  =  j3  j^y,  by  Conftruflipn  of  the 
S^mentv  alfo  the  Angles  CEH,  CAG,  are  right,. b^aufe  each  exifts<in  a 
Semicircle :  Theiidbre  a  Circle  being  dofcribed  upon  CF,  as  a  Diameter,  will 
mfithro'E,  A;  therefore  the  Angle  €  A  E=:CEE=CE  H  =  {by  Con-^ 
firuSicn)  to  the  obierved  Angle  yeiu  In  like  manner;  the  Angle  C  £  A  =3: 
C FA=  CP G  srobferv'd  Angle  y«  «• 

If  the  Stations  A,  £,  &11  in  a  right  Lipe  with ^ the  Point  C;  the  Lines. 
G  A,  HE,  beinff  parallel,  cannot  meet;  but  iathis  Cafe  the  Problem  is  in- 
determinate, and  capable  of  infinite  Solutions.  For,  as  before,  upon  CG, 
defcribe  a  Segment  of  a  Circle  capable  of  the  obferved  Anglei^t «,  and 
iipoB  CH,  defcribe  a  Segment  capable  of  the.  obferved  Angle  j^^t:  then 
through  C  draw  a  Line  any  way,  cutting  the  Circles  in  A,  E,  thde  Points , 
will  anfwcr  the  Queftion. 

Problem  3.]  Four  Points y  J5,  C,  D,  F,  or  the  four  Sides  of  a  Quadrilateral^    Fig.  6t« 

— -'i  the  Angles  comprehended^  are  given »  ^Ijo  there  are  two  Stations  A  andE^ 

J     Er,  that  at  Aj  only  5,  C,  £,  are^tfible^  and  at  £,  only  A^  A  P\  that  /x,  the. 

gles  B  ACy  BAEy  AED^DEFy  are  given:  Tofindtbe  Places  of  the  two 

'^tsAi  £;  and  confequently  the  Lengths  oftheLinesAB^  AC^  AEjED^  EF. 

"onfiruliionJ]  Upon  B  C  (by  33.  3.  E.)  defcribe  a  S^ment  of  a  Circle,  that 

!     /  contain  an  Angle  equal  to  the  obferved  Angle  B  A  C ;  then  fmm  C  draw 

I      Chord  CM,  or  a  Line  cutting  the  Circle  in  M,  fo  that  the  Ai^le  B  C  M, 

J    ly  be  equal  to  the  Supplement  of  the  obfervf  d  Angle  B  A  E,  r.  e.  its  Refiduc 
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(  no  ) 
•0  1 80  deg.  In  like  manner  on  DF'dcHcribe  a^Segment  tf  a  CJircte,  dpsL^ 
ble  of  an  Angle  equal  t6  the  obferved  DEF  %  and  from  D  draw  the  Chord 
D  N,  fo  that  the  Adgle  FDN  may  be  equal  to-  theSofypfctoent  of  the^ob- 
fervcd  Angle  AEF;  join  MN,  cutting  the  two  Cirdea  in  A,  E^-I4k% 
A,  E,  are  the  two  Points  required. 

Dmmjiratfon.']  Join^  A  B,  AG,  EB,  E  F  ;  riien  la  the  Angle  M  A  B  r:; 
BGM  (by  21.  3.  E.)  ==  Supplement  of  the  obferved  ArtglcBAE,  byCwi^ 
ftruSion 5  therefore  the cohftru£ted  Angle  B A ^  isequai  to  that  which  wjri 
obferved.  Alfo  the  Angle'BAC,  of  the  Segment^  is^,  by  ConftruAion  of 
the  Segment,  equal  to 'the  obferved  Angle  BAG.  In  like  manner  tbeconf- 
ftpufted  Angles  AEF,  DEF,  are  eqtel  to  the  correfpondent  obferved 
Arigles  AEF,  and  DE F ;  therefore  A,  E,  are  the  Points  requited. 

Caictdathk.]  Ih  thi  I'riangle  BCM,  the  Angle  B'CM,  (=  SupplcmenC 
rf  BAE)  and  Angle  BMC,  (=BAG)-are  given,  With  the  SideBCj 
thence  MC  maybe  found:  in  Hfce  manner  DN,  in  the  Trian^e  DNF, 
may  be  found.  But^Ae  Angle  MGD  (=2=BCD*^BCM)  ii  known, 
with  Its-Legs  M  G,  CD-;  tlierefore  its^  Bafe  M  D,  and  Angle  MD  G,  may  bd 
known.  Therefore  the  Angle  M D N  (=  CD F i^ C DM  —  E D N)  is 
known,  Yfith  its  Legs  M  D,  D  NT  j  thence  ^M  N,  witH  the  Angles  D  M  N, 
D  N  M,  wiH  be  known.  Then  the  Angle  C  M  A  (r-  D  M  C  +  D  M  N) 
is*  known,  with  the  Atigle  MA  C  (i=i  M  A  B  +  B  A  G)^  and  M  G,  before 
found V  therefore  M  A^  aind  AC,  will  be  known.  In  like  manner  In  thd 
Triangle  EDN,  the  Aogkrs  E,  N,  with  the  Side  D  N"  being  known^  the 
Sides  E  N,  E  D,'  wiH  be  known  %  therefore  A  E  (=  M  N  —  MA  — E  NJ 
IS  known^  Alfo  in  the  Triangle  ABC,  the  Angle  A,  with  its  SiderBC, 
C  A,  being  khown^  the  'Side  A  B  will  bef  known,  with  the  Angle  B  C  A  i^ 
fo in  the  triangle  EFD,  thcAbgJe  E,  with  the  Sides  ED,  DF,  being 
known,  EF  will  be  found,  with  the  Angle  E  DF.  Laftly,  in  the -Triangle 
A  C  fi,  the  Angle  A  CD  (=  B  C D  —  BC  A)  with  its  Legs  AG,  Cp^ 
being  known,  the  Side  AD  will  be  known;  and  in  like  manner  E  C,  hi 
the  Triangle  E DC. 

NctiTi  'That  in  this  Problem^  as  alfo  in  the  firft  and  fccond,  if  the  two  Sta- 
ti6ns  M  in  a  right  Line  with  either  of  the  given  Objedls,  the  Locus  of  A- 
or  E  being  a  Circle,  the  particular  Point  of  A  or  E  cannot  be  determined 
from  the  Things  given. 

As  to  the  other  Cafes  of  this  third  Problem^  wherein  A  and  E  may  fliift 
Places,  i.  t.  only  D,  F,  E,  may  be  vifible  at  A,  and  only  A,  B,  G,  at  E  ;,  or 
wherein  B,D,  E,  may  be  vifible  at  A,  and  only  G,  F,  A,  at  Ej  or  wherein 
A  may  be  on  one  fide  of  the  Quadrilateral,  and  E  on  the  other  5  or  one  of 
the  Stations  within  the  Quadrilateral,  and  the  other  without  it  \  I  prefume 
that  thi  ^fwjvr  will  eafily  direft  himfclf,  by  what  has  been  alitady  faid. 

The  Solution  of  this  third  Prohkm  is  general,  and  ferves  alfo  for  both  the 
jrf^ccedent.  For  fuppofc  G,  D,  the  fame  Point  in  the  laft  Figure,  and  it 
gives  the  Sohition  01  t\it  fecond  Problem  5  but  if  B,  G,  be  fuppofed  the  lame 
Points  with  D,  F,  by  proceeding  as  in  the  laft,  you  may  dircdWy  folvc  the 
firft  Problem. 

III.  The 


(  'jr  ) 

IBL  The  Varmdon  of  die  magnetic  Needle  is  fo  commonly  known,  th^^£m>r#/ 
I  need  not  infift  much  on  the  Explication  thereof;  'tis  certain  th^t  the  txue^ThJ^r'^' 
Ibbr  Meridian,  and  the  Meridian  (hewn  by  a  Needle,  agree  but  in  very  few^'^^'^^«^ 
Places  of  the  World 5  and  this  too,  but  for  a  little  Time  (if  a  Moment) '^/tX^f 
tc^edier;  the  IKfierence  between  the  true  Meridian  and  magnetic  Meridian  «^^»«'^^««- 
pcrpctu^ly  varying  and  chan^ng  in  all  Places,  and  at  all  Times  5  fom^times^fj.  "t*^'" 
io  the  Eaftward,  and  fometimes  to  the  Weftward;        '  wiliiamM^y- 

On  which  Account  'tis  impoffible  tocompare  two  Stih^eys  of  the  fame  Place,  ^.^'^j^  *^'''  ' 
taken  at  difbmt  Times,  by  magnetic  Inftrumcnts  (fuch  as  the  Circumferentor^  JoJy  ab.  1697- 
by  which  the  Down  Survey^  or  Sir  Wiltiam  Pettyh  Survey  of  Ireland  was  taken) 
without  due  Allowance  be  made  for  this  Variation.  To  which  purpofe,  we 
ought  to  know  the  Difference  between  the  magnetic  Meridian  and  trucMc- 
ridian»  at  that  time  of  the  Down  Survey^  and  the  fiiid  Difference  at  the  Time 
when  we  make  a  New  Survey  to  compare  with  the  Down  Survey. 

But  here  I  would  not  be  underftood,  as  if  I  propofed  hereby  to  Ihew,  that 
a  Map  of  the  feme  Place,  taken^  by  magnetic  Inftruments  at  never  fo  diftant 
Times,  Ihould  not  at  one  Time  give  the  fame  Figure  and  Contents  $s  at  another 
Time.  This  certainly  it  will  do  mod  exadlrly,  the  Variation  of  the  Needle 
having  nothing  to  do  either  in  the  Shape  or  Contents  of  the  Survey,  A 11  that  is 
aflefted  thereby,  is  the  Bearings  of  the  Lines  run  by  the  Chain,  and  the  Boun- 
daries between  Neighbours.  And  how  this  may  caufe  a  confiderable  Error 
(un{e&  due  Allowance  be  made  for  it)  is  what  I  fhall  prove  mod  fully. 

In  order  to  which,  let  us  fuppofc  that  about  the  Year  1657  (at  which  time 
the  Down  Survey  was  taken)  the  magnetic  Meridian  and  true  Meridian  did 
agree  at  Dublin^  or  pretty  nigh  all  over  Ireland\  that  is  to  fay,  that  there  was 
no  Variation.  And  indeed  by  Experiment  it  was  at  that  time  found,  as  I 
am  well  aflbred,  that  at  Dublin  it  was  hardly  half  a  Degree. 

Let  us  ibppofe,  that  in  the  Year  1695  the  Variation  wtas  7  Degrees  from 
the  North  to  the  Weftward :  That  it  was  really  fo,  I  believe,  I  am  pretty 
well  aflured,  from  an  £jcperiment  made  by  myfelf  with  all  Diligence.  But 
this  is  not  material ;  let  us  now  only  fuppofe  it. 

Let  A,  B,  reprel^nt  the  Purvey  of  two  Town  Lands,  one  in  the  Poflcflion    rig.  69* 
of  A,  and  the  other  in  Poffeflion  of  B,  taken  by  the  Down  Survey^  Anno 
^^57^  when  there  was  no  Variation. 

Let  the  Line  N  S,  running  through  the  Point  P,  be  the  true  Meridian,  and 
confeqaently  the  magnetic  Meridian  alfo  at  that  Time,  becaufe  of  the  fup- 
po&d  no  Variation ;  and  let  this  Line  N  S,  be  alfo  the  Boundary  between 

ic  two  Town  Lands  A,  and  B. 

In  the  Year  1695,  when  the  Variation  is  7  Degrees  from  the  North  to  the 
"leftward,  B  having  a  Map  of  the  Down  Survey^  and  being  fufpicious  that  his 

eighbour  A  had  encroached  on  him  by  a  Ditch  PQ^  employs  a  Surveyor  to 

quire  into  the  Matter :  The  Surveyor  finds  by  his  Map,  that  the  Boundary 
.>cween  B  and  his  Neighbour  A,  run  from  the  Point  P,  through  a  Meadow, 

•eftly  according  to  the  magnetic  Meridian  S  P  N ;  but  obferving  the  Ditch 

Q^caft  up  much  to  the  Eaftjvard  of  the  prefent  magnetic  Meridian,  he 

"dudes  that  A  has  encroached  upon  B,  and  that  the  Ditch  ought  to  have 

S  2  been 


been  caft  up  along  the  Line  P  j ,  the  Angle  QJ^  ^  being  an* Angle  of  7  deg. 
that  is,  tbeprefent  Variation  of  the  Needle,  and  the  Line  Py,  the  picfcnt 
magnetic  Meridian ',  for  which  Variation  not  making  any  Allowance,  he  po- 
fitively  determines  that  B  has  all  the  Land  in  the  Triangle  QP  j,  moi;c than 
he  ought  to  have  i  and  that  hi$  Ditch  ought  to  run  along  the  Line  P  q, 

'Tis  true  indeed,  if  the  ^^rugr^  go  the  whole  Surround  of  theL^dA, 
and  B,  he  will  find  their  Figure  and  Contents  ezadly  agreeable  to  the  Map 
here  exprelled.  But  then  the  Bearings  of  the  Lines  are  all  7  deg.  different 
from  the  Bearings  in  the  Map,  and  they  will  run  in  and  out  upon  the  adjacent 
nei^bourins  Lands,  and  caufe  endlels  Differences  between  their  Pofleflbrs ; 
as  is  manifeft  from  the  Figure:  Wherein  the  prickM  Lines  reprefent  tbeDif* 
agreement  in  the  Bearings  of  the  Lines,  protradted  from  the  Point  P  %  and  wc 
fee  A  encroaching  upon  his  Neighbours  on  the  Weftward,  as  he  encroaches 
upon  B,  and  B's  Eaftward  Neighbours  encroaching  on  him,  and  (6  forward  and 
clear  round.  Whereas  by  a  due  Allowance  for  the  Variation  of  the  Needle, 
all  this  Confufion  and  Difagreement  is  avoided,  and  every  thing  hits  right. 

Thus,  for  Inftance,  in  the  Cafe  before  us,  knowing  that  the  magnetic 
Variatbn  has  caufed  the  prefent  magnetic  Meridian  to  &il  in  the  Line  nqFs^ 
7  deg.  from  the  North  to  the  Weftward  ^  to  reduce  this^  to  the  magnetic 
Meridian  at  the  Time  of  the  Down  Survey^  I  mud  make  the  Meridian  of  my 
Map  to  fall  7  deg.  to  the  Eaftward  of  my  magnetic  Meridian  9  as  we  fee 
the  Line  PQ  falls  7  deg.  to  the  Eaftward  of  the  Line  P  j. 

What  is  here  faid  on  Suppofidon  that  the  Magnet  had  no  Variation  at  t&e 
Time  of  the  firft  Survey  taken,  and  that  it  had  7  deg.  Variation  Weftwaid 
at  the  Time  of  the  fecond  Stmrey,  tnay  eafily  be  accommodated  to  the  Sup* 
pofal  of  any  other  Variations  at  the  firft  and  fecond  Surveys,  [mutatis  fmUan- 
dis ;  for  knowing  the  Variations  we  know  their  Difference ;  and  if  we  know 
their  Difference,  this  gives  us  the  Angle  QP;*  by  which  we  reduce  them  to 
each  other.  The  beft  Way  therefore  to  make  Maps  invariable,  conftant,. 
and  everlafting,  were  for  the  Surveyors^  who  ufe  magnetic  Inftruments,  to 
make  always  Allowance  for  the  magnetic  Variation,  and  to  protraft  and  lay 
down  Plats  by  the  true  Meridian. 

Perhaps  it  may  be  objected.  That  Surveys  may  be  taken  without  ms^etic 
Inftruments,  and  that  therefore  this  Error  arifing  rrom  the  magnetic  Variation, 
and  Change  of  the  Bearing  of  Lines,  may  be  avoided.  To  which  I  anfwer,  Fiift, 
That  granting  a  Survey  may  be  taken  without  magnetic  Inftruments,  this  Js 
nothing  againft  what  we  have  laid  down,  relating  to  Surveys  that  are  taken 
with  magnetic  Inftruments,  as  the  Down  Survey  adually  was,  and  moft  Surveys 
at  prefent  adually  are  taken  therewith*  Secondly,  Tho*aSurv^  may  be  ^ken 
truly  without  magnetic  Inftmments,   fo  as  to  ffiew  the  exa&  Angles  and 
Lines  of  the  Plat,  and  confequently  the  true  Contents  ^  yet  this  will  not  ^ve 
the  true  Bearings  of  the  Lines,  or  fhew  my  Pofition  in  relation  to  aiy  Neigh- 
bours, or  other  Parts  of  the  Country.  This  muft  be  fupplied  by  theMagnet^ 
or  ibmething  equivalent  thereto,  as  finding  a  true  meriduo  Line  on  your  Land 
by  celeftial  Obfervation.  And  I  doubt  not  but  the  ancient  JSgyptioKS^  before 
the  Difcovery  of  the  Magpet^  were  forced  to  fome  fuch  Expedient  in  th^ 
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Surveys  and  Applotments  of  Lands,  between  Neighbour  and  Neighbour^  after 
the  Inundations  of  the  Nile  j  which,  we  are  told,  gave  the  firfl:  Original  to  Geo^    * 
meiry  and  Surveying:  Abfolute  Neceffity  and  Ufe  having  introduced  thelc,  as 
Delight  and  Diverfion  introduced  Aflronon^  amongft  the  Chaldeans. 

And  this  brings  me  to  another  Objeftion,  which  may  be  made  againft  the 
Inflance  before  laid  down :  It  may  be  faid.  That  certainly  xht  Surveyor  which 
B  employed  was  very  ignorant,  who  would  chufe  to  judge  of  the  Line  PQ_^ 
rather  by  its  Bearing,  than  by  determining  the  Point  QJby  meafuring  from 
H  and  G.  To  this  I  anfwcr.  What  if  both  the  Points  H  and  G  were  va- 
nifhed  fince  the  Down  Survey  was  taken  ?  What  if  the  whole  Face  of  the 
Country  were  changed,  fave  only  the  Point  P,  and  the  Line  P  Q?  How 
iball  the  Surveyor  then  judge  ol  the  Line  PQ,  but  by  its  Bearing?  That 
this  IS  no  extravagant  Suppofidon,,  we  have  an  Example  in  Mppt  above- 
mentioned,  where  the  Nik  lays  all  flat  before  it^  and  fo  uniformly  covers  all 
with  Mud,,  that  there  is  no  Diftinftion.  In  fuch  a  Cafe  your  Bearing  mutt 
certainly  help  you  out ;  there  is  no  other  Way, 

Bur  I  anfwer,  iecondly.  To  fay  that  the  Surveyor  might  have  determined 
the  Point  Q^by  Admeaiurement  from  G  and  H,  or  any  other  adjoining 
noted  Points,  as  from  F,  K,  I,  6f^.  *tis  very  true ;  but  then  *tis  againft  our 
Suppofition.  I  am  upon  ihewing  an  Error  that  arifes  from  judging  of  the 
Lme  PQJ)y  magnetic  Bearings  and  to  tell  me  that  this  might  be  avoided 
by  another  Way,  is  to  fay  nothing.  I  myfelf  (hew  how  it  may  be  avoided,, 
by  allowing  for  the  Variation ;  but  ftill  it  is  an  Error  till  it  be  avoided. 

But,  thirdly.  If  B*s  Surveyor  do  not  allow  for  the  Variation  of  the  Needle, 
he  will  never  cxaftly  determine  even  the  Points  G,  F,  H,  K,  6f<:.  or  any  other 
Points  in  the  Plat ;  but  inftcad  thereof,  will  fell  on  the  Points  ^,  b^  /,  k. 

From  what  has  been  laid  down,,  we  may  fee  the  abfolute  Weceflity  of  al- 
lowing for  the  Variation  of  the  Magnet,  in  comparing  old  Surveys  with  new 
onesi  for  want  of  which,  great  Di(putes  may  arife  between  neighbouring 
Proprietors  of  Lands :  And  it  were  to  be  wifhed,  that  our  honourable  and 
learned  Judgjcs  would  take  this  Matter  into  their  Confideration,  whenever, 
any  Bufinefs  of  this  Kind  comes  before  them,. 

IV.  I  have  invented  a  Level  mth  a.  Tube,^  with  Glaffes  and  a  Thread,  ^jj^  ^^5 
fian^g  between  four  Points^  with  a  Weight  in  a  Box  fo  contrived^   that^id/N,""^'' 
as  loon  as  the  Inftrument  is  fet  down,  you  have  your  Point  of  Horizon  with  ^  '^^ 

a  great  deal  of  Eroftnefs.   I  am  making  another,  which  playeth  on  one  Steel   ^'*      '  ^  ' 
Point,  (landing  on  a  Diamond! 

V.  An  Account  of  a  Book  omitted  y  viz.  The  Art  of  Levelling  j   by  M..  n.  74,/.  ^^lf. 
^dariottCs 
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CHAP.   III. 
OPTICS, 

jimwrbetry    I-  TN  thc  Yczt  1 666  (at  which  time  I  applied  myfelf  to  the  Grinding  of 

ah*ut  Light  and      j^  Optic  Glaffcs  of  othcT  Figures  than  Spherical)  I  procured  me  a  Trian- 

u^v^t^!^'  gularOlafs-Prifm,  to  try  therewith  the  celebrated  Phaenomena  of  Colours.  And 

N.  80.  p.  3075.  in  order  thereto,  having  darkened  my  Chamber,  and  made  a  fmall  Hole  in  my 

Feb.  An.  167a.  •v^^indow-ftnits,  to  let  in  a  convenient  Quantity  cf  the  Sun*s  Lights  I  placed 

my  Prifm  at  its  Entrance,  that  it  might  be  thereby  refrafted  to  thc  oppofite 

Wall.     It  was  at  firft  a  very  pleafing  Divcrcifcment,  to  view  the  vivid  and 

intenfe  Colours  produced  thereby  ;  but  after. a  while  applying  myfelf  to  con- 

fider  them  more  circumfpedly,  I  becane  furprifrd  to  fee  them  in  an  oblone 

Form  ;  which,  according  to  the  received  Laws  of  Rcfraftions,  lexpciSkedfhould 

have  been  circular.     They  w^ere  terminated  at  the  Sides  with  ilreight  Lines, 

but  at  the  Ends  the  Decay  of  I  igbt  was  fo  gradual,  that  it  was  difficult  Co 

determine  juftly  what  was  their  Figure,  yet  they  feemed  Semicircular. 

Comparing  the  Length  of  this  coloured  Speolrum  with  its  Breadth,  I  found 
it  about  five  Times  greater  •,  a  Dlfproportion  fo  extravagant,  that  it  excited  me 
to  a  more  than  ordinary  Curiofuy  of  examining  from  whence  it  might  proceed, 
I  could  fcarce  think,  that  the  various  Thickiicis  of  the  Glafs,  or  the  Termi- 
nation with  Shadow  or  Darknefs,  could  have  a*iy  Influence  on  Light  to  pro- 
duce fuch  an  EfFe<^  \  yet  I  thought  it  not  amiis^  firft  to  examine  thofe  Cir- 
cumftances,  and  fo  tried  what  would  happen  by  tranfmitting  Light  through 
Parts  of  the  Glafs  of  divers  Thicknefles,  or  through  Holes  in  thc  Window 
of  divers  Bignefles,  or  by  fetung  the  Prifm  without,  fo  that  the  Light  might 
pais  through  it,  and  be  refrafted,  before  it  was  terminated  by  the  Hole:  But 
I  found  none  of  thofe  Qircumftances  material.  Thc  Falhion  of  thc  Q)lours 
was  in  all  thefe  Cafes  the  fame. 

Then  I  fufpeded,  whether  by  any  Unevennefs  in  the  Glafs,  or  6ther  contin- 
gent Irregularity,  thefe  Colours,  might  be  thus  dilated.  And  to  try  this,  I  took 
another  Prifm  like  the  former,  and  fo  placed  it,  that  the  Light  paffing  thro* 
them  both,  might  be  ref rafted  contrary  ways,  and  fo  by  the  latter  returned 
into  that  Courfe  from  which  the  former  had  diverted  it :  For  by  this  means  I 
thought  the  regular  Eflfcfts  of  the  firft  Prifm  would  be  dcftroyed  by  the  fc- 
cond  Prifm,  but  the  irregular  Ones  more  augmented,  by  the  Multiplicity  of 
Refraftions.  The  Event  was,  that  the  Light,  which  by  the  firft  Prifm  was 
difibfed  into  an  oblong  Form,  was  by  the  fecond  reduced  into  an  orbicular 
One,  with  as  much  Regularity  as  when  it  did  not  at  all  pafs  through  them. 
M.  83.  f,  4061.  That  this  Experiment  may  be  better  apprehended  ;  let  E  G  defign  the 
jr,^  70.  Window  \  F,  the  Hole  in  it,  thro*  which  the  Light  arrives  at  thc  Prifms  • 
AB  C^  the  firft  Prifm,  which  rcfrafti  thc  Light  towards  P  T,  painting  theic 
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die  CoToiJ  in  an  (DWong,  atrf  i»0  y,  the  fecond  Prifm,  which  refrafts  back 
again  the  l^ays  to  Q,  where  the  long  Image  ?T  is  contrafted  into  a  round 
one.  I  fui)^fc  the  Plane  a  y  parallel  to  B  C,  and  0y  to  A  C,  that  the  Rays 
-n»y  be  ct^ally  rcfrafted  contrary  ways  in  both  Prifms.  The  Prifms  alfo  muft 
be  placed  very  near  to  one  another ;  for  if  their  Diftance  be  fo  great,  that  the 
Colours  begin  to  appear  in  the  Light,  before  its  Incidence  on  the  fecond 
Prifm,  thofe  Colours  will  not  be  deftroyed  by  the  contrary  Refraftions  of  that 
Prifm.  And  if  a  Lens  be  placed  in  the  Hole  F,  or  immediately  after  the 
Prifms,  fo  that  its  Focus  be  at  the  Im^ge  Q,  or  PT,  the  Perimeter  of  the 
Image  Q,  dnd  the  ftraighrSidesof  the  Image  PT,  will  become  much  better 
defined  than- otherwife.  So  that,  whatever  was  the  Caufe  of.  that  Length,  n-8o.a307«- 
*twas  not  any  contingent  Irregularity.  ^"^^  ^  ^^^^ 

I  then  proceeded  to  examine  more  critically,  what  might  be  effedted  by  the 
Difference  of  the  Incidence  of  Rays  coming  from  divers  Parts  of  the  Sun*;. 
and  to  that  end,  meafurcd  the  feveral  Lines  and  Angles  belonging  to  the 
Image.  Its  Dtfhhce  from  the  Hole  or  Prifm  was  22  Feet ;  its  utmoft  Lengdi. 
13  i  Inches ;;  its  Breadth  2  4. 5  the  Diameter  of  the  Hole  i  of  an  Inch.  The  , 
An^e  which  the  Rays,  tending  towards  the  middle  of  the  Image,  made  with 
thofe  Lines^  in  which  they  would  have  proceeded  without  Refra£i:ion,  was- 
44  deg.  56  min.  and  the  Vertical  Angle  of  the  Prifm,  63  deg.  12  mifi. 
AJfo  the  Refradions  00  bpth  Sides  the  Prifm,  that  is,  of  the  Incident  and' 
Emergent  Rays,  were,  as  near  as  I  could  make  them,  equal,  andt:onf<;- 
qtiently  abdot  54  deg.  4  min:  And  the  Rays  fell  perpendicularly  upon  the 
Wall.  Now  fubduSiing  the  Diameter  of  the  Hole  from  the  Length  and 
Breadth  of  the  Image,  there  remains  1 3  Inches  in  the  Length,  and  2  j.  the 
Breadth,  cpnipehended  by  thofe  Rays,  which  paffcd  through  the  Center  of 
the  6id  Hole  j  and  confcqucntly  the  Angle  of  the  Hole,  which  that  Breadth 
fubtended,  was  about  31  min.  anfwerable  to  the  Sun's  Diameter;  but  the 
Angle  which  itsLength  fubtended,  was  more  than  five  fuch  Diameters,  name*- 
ly  2  deg.  49  n)in. 

Having  made  thefe  Obfervations,  I  firft  computed  from  them  the  refraftive 
Power  of  that  Glafs,  and  found  it  meafured  by  the  Ratio  of  the  Sines,  20  co 
31 ;  and  then  by  that  Rado  I  computed  the  Refriaftions  of  two  Rays  flowing 
firom  oppofite  Parts  of  the  Sun's  Difcus^   fb  as  to  differ  3 1  min*  in  their  Obli- 
quity of  Incidence,  and  found  that  the  emergent  Rays  (hould  have  compre- 
hended an  Angle  of  about  31  min«  as  they  did  before  they  were  incident. 
But  becaufe  this  Computation  was  founded  on  the  HypoiheCs  of  the  Pro- 
tionality  of  the  Sines  of  Incidence  and  Refra£tion,  which  though  by  my 
n  Experience  I  could  not  imagine  to  be  fo  erroneous,  as  to  make  that  An- 
but  31  min.  which  in  reality  was  2  deg.  49  min.  yet  my  Curiofity  caufed 
!  again  to  take  my  Prifm :  And  having  placed  it  at  my  Window,  as  before, 
b&rved,  that  by  turning  it  a  little  about  its  Axis  to  and  fro,  fo  as  to  vary 
Obliquity  to  the  Light,  nK>re  than  an  Angle  of  4  or  5  Degrees,  the  Co- 
irs were  not  thereby  fenfibly  tranflated  from  their  Place  on  the  Wall  j  and 
ifequently  by  that  Variation  of  Incidence,  the  Quantity  of  Refraftion  was 
:  icnfibly  varied.    By  this  Experiment  therefore,  as  well  as  by  the  former 
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Computation^  ic  was  evident,  that  the  Dtflereoce  of  the  incidence  pFRays» 
flowing  from  divers  Parts  of  the  Sun,  could  not  make  them  after  Decu0a- 
tion  diverge  at  a  fenfibly  greater  Angle,  than  that  at  which  they  before 
converged;  which  being,  at  moft,  but  about  31  or  32  min.  there fljlj  r^ 
mained  fome  other  Caufe  to  be  found  out,  from  whence  it  could  be  2  de^ 
49  min.  t  .      ^ 

Then  I  began  to  fufpeft,  whether  theRays^  after theirXrajeftion  through 
the  Prifm,  did  not  move  tn  curve  Lines,  and  according  to  their  more  or  le& 
Curvity  tend  to  divers  Parts  of  the  Wall.  And  it  increafed  my  Sufpiciont 
when  I  remembered  that  I  had  often  feen  a  Te^nis-BaU  (truck  with  an 
oblique  Racket,  defcribe  fuch  a  curve  Line.  For,  a  drcular  bs  well  as  a  pro- 
greffive  Motion  being  communicated  to  it  by  that  Stroke,  its  Parts,  on  that 
.Side,  where  theMotbns  confpire,  muft  prefs  and  beat  the  contiguous  Air 
more  violently  than  on  the  other,  and  there  excise  a  Reluftancy  and  Re-aftion 
.  of  the  Air  proportionably  greater.  And  for  the  lame  Reafon,  if  the  Rays  of 
Light  (hould  pofTibly  be  globular  Bodies,  and  by  their  oblique  Paflage  out  of 
one  Medium  into  another  acquire  a  circulating  Motion,  they  ought  to  feel 
the  greater  Refinance  from  the  ambient  \£ther  on  that  Side  where  the 
Motions  confpire,  and  thence  be  continually  bowed  to  the  other.  But  not- 
withftanding  this  plaufible  Ground  of  Sufpicion,  when  I  cam^  (o  examine  it, 
I  could  obferve  no  fuch  Curvity  in  them.  And  befides  (which  was  enough 
for  my  purpofe)  I  obfcrved,  that  the  Difference  betwixt  the  Length  o^  the 
Image,  and  the  Diameter  of  the  Hole  through  which  the  Light  was  traoC 
mittcd,  ^as  proportionable  to  their  Diftance. 

•  The  gradual  Removal  of  thefeSufpicions. at  length  led  me, to  the£jqi^- 
:rimenium  Cruets^  which  was  this ;  I  took  two  Boards,  and  placed  one  of  them 
clofe  behind  thePrifm  at  theJVindoWj  to  that  the  Light  might  pals  through  a 
fmall  Hole,  made  in  it  for  the  purpofe,  and  fall  on  the  other  Board,  which  I 
placed  at  about  12  Feet  diftance,  having  firft  made  a  fmall  Hole  in  it  alio  for 
ibme  of  that  incident  Light  to  pais  through.    Then  I  placed  another  Pdim 
behind  this  fecond  Bbfird,  Xo.  that  the  Light  traje<£ted  through  both  the  Boards 
might  pafs  through  that  alio,  and  be  again  retraced  before  it  arrived  at  t^ic 
Wall.     This  done,  I  took  the  firft  Prifm  in  my  Hand,  and  turned  it  to^od 
fro  (lowly  about  its  Axis,  fo  much  as  to  make  the  feveral  Parts  of  the  Image, 
caft  on  the  fecond  Board,  fucceffively  pafs  through  the  Hole  in  it,  that.X 
might  obferve  to  what  Places  on  the  Wall  the  fecond  Prifip  would  refraA 
them.     And  I  faw  by  the  Variation  of  thofe  Places,  that  the' Light,  tending 
to  that  End  of  the  Image  towards  which  the  Refraftion  of  the  firft  JPrif-^ 
was  made,  did  in  the  fecond  Prifm  fuffer  a  Refraction  conilderably  greater  thaj 
the  Light  tending  to  the  other  End.     And  fo  the  true  Cauic  or  the  Lengt) 
jhid,p,  3081.    of  that  Image  was  decefted  to  be  no  other,  than  that  Light  is  not  fimilar  c 
homogeneal,  but  confifts  of  difform  Raysj  fomt  ef  which  are  mare  rtfrangih 
than  others  \  fo  that  without  any  Difference  in  their  Incidence  on  the  ^m 
Medium,  fome  Ihall  be  more  refraSted  than  others;  and  therefore  that,  ac- 
cording to  their  particular  Degrees  of  Refrangibility^  they  were  tranfmittcc 
through  the  Prifm  to  divers  Pares  of  the  oppoTuc  Wall. 
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I  fhall  now  proceed  to  acquaint  you  with  another  more  notable  Diffbrmity 
in  its  Rays,  wherein  the  Origin  of  Colours  is  unfolded :  Concerning  which 
I  fhall  lay  down  the  Doftrine  firil ;  and  then,  for  its  Examination,  give  you 
an  Inflance  or  two  of  the  Experiments,  as  a  Specimen  of  the  reft. 

The  Doctrine  you  will  find  comprehended  and  illuftrated  in  the  following 
Propofitions. 

I.  As  the  Rays  of  Light  differ  in  Degrees  of  Refrangibility,  fo  they  alfo 
differ  in  their  Difpofition  to  exhibit  this  or  that  particular  Colour.  Colours 
are  not  Qualifications  of  Light,  derived  from  Refra&ions,  or  Refledlions  of 
natural  Bodies  (as  'tis  generally  believed)  but  original  and  connate  Proper- 
ties, which  in  divers  Rays  are  divers.  Some  Rays  are  difpofed  to  exhibit  a 
lied  Cblour,  and  no  other  %  fome  a  Yellow,  and  no  othen  fome  a  Green, 
and  no  other ;  and  fo  of  the  reft.  Nor  are  there  only  Rays  proper  and  particu* 
lar  to  the  more  eminent  Colours,  but  even  to  all  their  intermediate  Gradations. 
.  2.  To  the  lame  Degree  of  Refrangibility  ever  belongs  the  fame  Colour, 
and  to  the  fame  Colour  ever  belongs  the  lame  Degree  of  Refrangibility.  The 
Idft  refrangible  Rays  are  all  difpofed  to  exhibit  a  Red  Colour ;  and  contrari- 
ly,  thole  Rays  which^are  difpofed  to  exhibit  a  Red  Colour,  are  all  the  leaft 
cefnuigiblc:  So  the  moft  refrangible  Rays  are  all  difpofed  to  exhibit  a  deep 
Viokt  Colour ;  an^pntrarily,  thofe  which  are  apt  to  exhibit  fuch  a  Violet 
Colour,  are  all  the  ^ft  refrangible :  And  fo  to  aJl  the  intermediate  Colours 
in  a  continued  Series  belong  intermediate  Degrees  of  Refrangibility.  And 
this  Analogy  betwixt  Colours  and  Refrangibility  is  very  precife  and  ftrid ;  the 
Rays  always  either  eSadly  agreeing  in  both,  or  proportionally  difagreeing 
io  both.  J,: 

3.  The  SpeciesJifitCoIour,  and  Dqgree  of  Refrangibility  proper  to  any 
particular  Sort  of  R^,  is  not  mutable  by  Refraction,  nor  by  Reflection  from 
natural  Bodies,  nor  by  dny  other  Caufe  that  I  could  yet  obierve.  When  any 
one  Sort  of  Rays  hath  been  well  parted  from  thofe  of  other  Kinds,  it  hath 
afterwards  obftinately  retained  itsColour^  notwithftanding  my  utmoft  Endea* 
▼ours  to  change  it.  I  have  refraded  it  with  PrifmS)  and  reflected  it  with 
Bodies,  which  in  Day-light  were  of  other  Colours ;  I  have  intercepted  it 
with  the  coloured  Film  of  Air,  interceding  two  comprefled  Plates  ofGlafs, 
tranlmitted  it  through  coloured  Mediums,  and  through  Mediums  irradiated 
with  other  Sorts  of  Rays,  and  diverfly  terminated  it ;  and  yet  could  never 
produce  any  new  Co^opr  out  of  it.  It  would  by  contracting  or  dilating  be-* 
come  more  brilk,  or  faint,  and,  by  the  lofs  of  many  Rays,  in  Ibme  Cafes 

'ery  oblcure  and  darl^i  but  I  could  never  fee  it  changed  in  Specie* 

4.  Yet  IcemingTranfmutations  of  Colours  may  be  made,where  there  is  any 
Mixture  of  divers  forts  of  Rays :  For  in  fuch  Mixtures,  the  component  Co* 
aours  wpear  not  i  but  by  their  mutual  allaying  each  other,  conftitute  a  mid- 
dling Colour.  And  therefore,  if  by  RefraCtion,  or  any  other  of  the  aforelkid 
Caufes,  the  diSbrm  Rays,  latentin  fuch  a  Mixture,  be  feparated,  there  Ihall 
emerge  Colours  different  from  the  Colour  of  the  Compofition.  Which  Co- 
burs  are  not  new  generated,  but  only  made  apparent  by  being  parted  $  for 
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if  they  be  again  inturly  mixed  and  blended  together,  they  will  again  com- 
pofe  shat  Colour,  which  they  did  before  Separation.  And  for  the  fame  Rea- 
fon,  Tranfmutations  made  by  the  convening  of  divers  Colours  are  not  real ; 
for  when  the  difibrm  Rays  aie  again  fevered,  they  will  exhibit  the  very  fame 
Colours  which  they  did  before  they  entered  the  Compofition ;  as  you  fee  Blue 
and  Yellow  Powders,  when  finely  mixed,  appear  to  the  naked  Eye,  Green  ? 
and  yet  the  Colours  of  the  component  Corpufcles  are  not  thereby  really 
iiranfmuted,  but  only  blended.  For  when  viewed  with  a  good  Microfcopci 
they  ftill  appear  Blue  and  Yellow  interfperfedly. 

5.  There  arc  therefore  two  forts  of  Colours,  the  one  Original  and^Simplc, 
the  other  compounded  of  thefe.  The  original  or  primary  Colours  are,  Hcd^ 
YeUow,  Green,  Blue,  and  a  Violet-Purple,  together  with  Orange,.  Indico^ 
and  an  indefinite  Variety  of  intermediate  Gradations. 

6.  The  fame  Coburs  in  Specie  with  thefe  primary  Ones,  may  be  alio  pnv 
duced  by  Compofition.  For  a  Mixture  of  xellow  and  Blue  makes  Green  ; 
of  Red  and  YeUow  makes  Orange  i  of  Orange  and  Yeltowifh  Green  makes 
Yellow^  And  in  general,  if  any  two  Colours  be  mixed,  whieh  in  the  Series 
of  thofe  generated  by  the  Prifm  are  not  too  far  diftant  one  from  another^ 
they  by  their  mutual  Alloy  compound  that  Colour^  which  in  the  faid  Series 
appearetii  in  the  Midway  between  them.  But  thofe  which  are  fituated  at  too 
great  a  Diftance,  do  not  fa.  Orange  and  Indico  produce  not  the  interme* 
tfiate  Green,  nor  Scarlet  and  Green  the  interme(£ate  YeUow. 

7.  But  the  moft  furprizing  and  wonderful  Compofition  was  that  of  White* 
nefs.  There  is  no  one  fort  of  Rays  which  alone  canexhibit  this.  *Tisever 
compounded  ;  and  to  its  Compofition  are  requifite  all  the  aforefaid  primanr 
Colours,  mixed  in  a  due  Profxirtion.  I  have  o^n  with  Admiration  beheld^ 
that  all  the  Colours  of  the  Prifm  being  n^de  to  c^nvei^,  and  thereby  to  be 
again  mixed,.as  they  were  in  the  Light  before  it  was  incident  Upon  the  Prifm, 
reproduced  Light,  entirely  and  perfeftly  White,  and  not  at  aU  fenfibly  dif- 
fering from  adired:  Light  of  the  Sun,  unlefs  when  the  Glaflfe*  I  ufed  were 
not  fuificiently  clear;  for  then  they  would  a  little  incline  it  to  their  Colour. 

8.  Hence  therefose  it  comes  to  pais,  that  Whitenels  is  the  ufual  Colour  of 
Light  i  for  Light  is  a  confiiied  Aggregate  of  Rays  indued  with  all  forts  of 
Colours,  as  they  were  promiicuoufly  darted^  from  the  various  Farts  of  lumi- 
nous Bodies.  And  of  liich  a  con&fed  Aggr^te,  as  I  faid,  is  generated 
Whitenefs,  if  there  be  a  due  Proportion  of  the  Ingredients;  but  if  any  one 
pedominate,.  the  Light  muft  incline  ta  that  Colour ;  as  it  happens  in  the 
blue  Flame  of  Brimftone  y  the  yellow  Flame  of  a  Gmdle ;  and  the  various 
Colours  of  the  Fixed  Stars. 

9.  Thefe  Things  confidered,  the  Manner  how  Colours  are  produced  by 
the  Prifm  is  evident.  For,  of  the  Rays,  conftituting  the  incident  Light,  fince 
thofe  which  differ  in  Colour  proportionally  differ  in  Refrangibility,  they  by 
their  unequal  Refiadlions  mufl:  be  fevered  and  diiperfedanto  an  oblong  Form 
in  an  orderly  Succeflion,  from  the  leaft  refrafted  Scarier,  to  the  moft  refraffc- 
cd  Violet.  And  for  the  fame  Reafon  it  is»  that  Objedts  when  looked  upon 
through  a  Prifm,  appear  coloured.    For  the  difform  Rays,  by  their  unequal 
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Seffa^tions,  are  made  todirc»^  towards  feveral  Parts  or  the  Ritina^  and 
there  exprefs  the  Images  of  things  coloured,  as  in  the  former  Gife  tbc^  did 
^e  Sun's  Image  upon  a  WalL  And  by  this  Inequalinr  of  Refra^ons,  th^ 
become  not  only  coloured,  but  alfo  very  confiifed  and  indiftinft. 

ID.  Why  the  Colours  of  the  Rainbow  appear  in  falling  Drops  of  Rain,  is 
alio  from  hence  evident.  For  thofe  Drops  which  reftad  the  Rays,  AxtgtiSsd 
10  appear  Purple,  in  greateft  Quantity  to  the  SpeO^tor's  Eye,  refiaft  the 
Rays  of  other  Ibrts  fo  much  leis,  as  to  make  them  pals  befide  it  \  and  fuch  are 
die  Drops  on  the  InGde  of  the  primary  Bow,  and  on  the  Outfide  of  the  fecon- 
dary  or  exterior  One.  So  thofe  Drops,  which  refrad  b  greateft  Plenty  the 
Rays^i  apt  to  appear  Red,  Upward  theSpeftator*s  Eye,  refeiA  thole  of  other 
for^'fo  much  more,  as  to  make  them  pais  befide  it ;  andiiich  are  the  Drops 
on  the  exterior  Part  ol  the  primary,,  and  interior  Part  of  the  fecondary  Bow. 

1 1.  -The  odd  Phaenomena  of  an  Infufion  ot  Lignum  Nepbritieum^  Leaf- 
Golds  Fragments  of  coloured  Glafs,  and  fbme  other  tranfparentl^  coloured 
Bodies^  appearing  in  one  Pofidon  of  one  Q>lour,  and  of  another  in  another, 
are  on  thefe  Grounds  no  jpnger  Riddles.  For  thofe  are  Subftances  apt  u.  re- 
fled  one  (brt  of  Light, Vnd  tranffnit  another ;  as  may  be  feen  in  a  dark  Room, 

.  by.  illuminating  them  with  fimilar  or  uncompounded  Light.  For  then  they 
appear  of  that  Colour  only,  with  which  they  are  illuminated;  but  yet  in  one 

.  Pcfiticp  more  vivi^  and  luminous  than  in  another,  accordingly  as  they  aredif* 
po&d  piore  or  lofs  to  refleft  or  tranfinit  the  incident  Colour. 

1 2.  From  hence  alio  is  manifeft  the  Reafon  of  an  unexpected  Experiment, 
which  Mr.  Hook^  fomewhere  in  his  Micrography^  relates  to  have  made  with 
twqWedge-Uke  tranfparent  Vcflels,  filled  ^e  one  with  a  Red,  the  other  with 
a  Blue  Liqtipi  r  namely » that  though  they  were  feverally  tranfparent  enough, 
yet  hofh  ii^pi^er  became  opake;  for  if  one  tranfmitted  only  Red,  and  the 
othec  only  Blue,  up , Rays  could  pais  through  both. 

13.  I  might  add  more  Inftances  of  this  Nature,  but  I  Ihall  conclude  with 
this  general  one :  That  the  Colours  of  all  natural  Bodies  have  no  other  Ori* 
gin  than  thisj  that  they  are  varioufly  qualified  to  refled  one  fort  of  Light 
in  greater  Plenty  than  another.  And  this  I  have  experimented  in  a  dark 
Room,  by  illun>inatiog  thofe  Qqdies  with  uncompounded  Light  of  divers  Cq- 
kiurs.  For  by  that  means  any  Body  may  be  made  to  appear  of  any  Colour. 
They  have  there  no  appropriate  Colour,  but  ever  appear  of  the  Colour  of  the 
Light  caft  upon  them  ;  but  yet  with  this  Difference,  that  they  are  moil  briik 
and  vivid  in  theLight<^  their  own  Day-light  Colour.  Mi;iitfi»appeareth  there 
of  any  Cobur  inc|ifierently,  with  which  it  is  illuftrated,  but  yet  moft  luminous 
in  R^ ;  and  fo  Biie  apivareth  indifierently  of  any  Colour,  with  which  it  is  il- 
luftrated, but  yet  moft  luminous  in  Blue:  and  thcrcfovtMinium  refiedeth  Rays 
of  any  Colour,  but  moft  copiouily  thofe  endowed  with  Red,  andconfequendy 
when  illuftrated  with  Day-light,  chat  is,  with  all  ibrts  of  Rays  promiicuouQy 
blended,  thofe  qualified  with  Red  ihall  abound  moft  in  the  rcfledtedLight,  and 
by  their  Prevalence  caufe  it  to  appear  of  that  Colour.  And  for  the  fame  Rea- 
lm Bife,  refledUng  Blue  moftcopioufly,  ihall  appear  Blue  by  cheExcefs  of  thofe 
Rays  in  its  refleftcd  Light ;  and  the  like  of  ot  herBodies.  And  that  this  is  the  en- 
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cTre  and  adequate  Caufc  oF  their  Colours,  is  manifcft,  bccaufe  they  have  no 
Power  to  change  or  alter  the  Colours  of  any  fort  of  Rays  incident  apart, 
but  put  on  all  Colours  indifferently,  with  which  they  are  enlightenM. 

Thcfe  things  being  fo,  it  can  be  no  longer  dilputed,  whether  there  be  Co- 
lours in  the  Dark,  or  whether  they  be  the  Qualities  of  the  Objedts  we  fee  ; 
no,  nor  perhaps,  whether  Light  be  a  Body.  For,  fince  Colours  are  theC^- 
lities  of  Light,  having  its  Ra]^  for  their  intire  and  immediate  Subje£b,  how 
can  we  think  thofe  Rays  Qualities  alfo,'unlefs  one  Quality  may  be  the  Subjetft 
of,  and  fuftain  another?  which,- in  cflfeft,  is  to  call  it  Subftance.  We  fliould 
not  know  Bodies  for  Subfhinccs,  were  it  not  for  their  fenfible  Qualities  ;  and 
the  Principal  of  thofe  being  now  found  due  to  fomething  elfe^  we  have  as 
good  Realon  to  believe  that  to  be  a  Stibftance  alfo.       ■ 

Befides,  Who  ever  thought  any  Quality  to  be  a  hrterogeneous  Aggreg&te^ 
fuch  as  Light  is  difcbvered  to  be  ?  But  to  determine  more  abfdutely  *rhat 
Light  is,  after  what  Manner  refradlcd,  and  -by  what  Modes  at  A^l^ns  it 
produceth  in  our  Minds  the  Phantafrtis  of  Colours,  is  not  (b  eafy  :  And  I 
ihall  not  mingle  Conjeftures  with  Certainties. 

Reviewing  what  I  have  written,  I  fee  the  Difcourfe  itfelf  will  lead  to  divers 
Experiments  fufficierit  for  its  Exahiinatiph  :  And  therefore  I  (hall  not  trod- 
ble  you  further  than  to  defcribe  one  of  thpfef  which  THaiVt  ah^ady  infinuated.' 

In  a  darkened  Room  make'a  Hole  in  the  Shut  of  a  Window,  whofe  Dia- 
meter may  conveniently  be  about  a  third  Part  of  an  Inch,  to  admit  a  cohvfc- 
nient  Quantity  of  the  Sun's  Light:  And  there  place  a  clear  and  cok>iirle(s 
Prifm,  to  refraftthe  entring  Light  towards  the  further  part  of  the  Room^ 
which,  as  I  faid,  will  thereby  be  diffufed  into  an  oblong  coloured  Ima^e:  Th«i 
place  a  Lens  ofabout  3  Foot  Radius  (foppofea  broad  Obj^flf-Glftfiofa  thri*e 
root  Telefcope)  at  the  EHftance  <yt  about  4jpr  5  Fcfet  fiom  thence,  through 
which  all  thofe  Colours  may^  at  once  be  trianfmittcdiiind  madefy  its  Rtfrae- 
tion  to  convene  at  a  further  Diftance  ofabout  lO  of  12  Feet.  If  at  that  Dis- 
tance you  intercept  this  Light  with  a  Sheet  of  white  Paper,  you  will  fee  tHe 
Colours  converted  into  Whitcnefs  again  by  being  mingled.  But  it  is  requifite 
that  the  Prifm  and  Lens  be  placed  fteddy,  and.  that  thfe  Taper,  on  whrcfe  the 
Colours  are  caft,  be  movedto  and  fro  j  for  by  fuch  Motion  you  wBl  not  6nly 
find  at  what  Diftance  theWhitenefs  is  moftperfeft;  but 'alfo  fee  how.the'Cb- 
k)urs  gradually  convene  and  vanifli"  into  Whrtenefij  and*  afterwardSj-  having 
crofled  one  another  in  that  Place  where  they  compound  Whitenefs,  are  again 
diflipated  and  fevered,  and  in  an  inverted  Order  retain  the  lame  Colours 
which  they  had  before  they  entred  the  Compofition.  You  may  alfo  fee,  that 
ifany  of  the  Colours  at  theLens  be  intercepted,  the Whitenefe  will  bt  changed 
into  the  other  Colours.  And  therefore,  that  the  Compofirion  of  Whitendi 
be  perfeft.  Care  muft  be  taken  that  none  of  the  Colours  fail  befide  the  Lens. 
**•  7«*  Thus  in  the  Defign  of  this  Experiment,  ABC  exprcfleth  the  Prifm  fet  end- 
wife  to  fight^  clofe  by  the  Hole  F,  of  the  Window  EG.  Its  vertical  Angle 
A  C  B  may  cotiveniently  be  about  63  deg.  M  N  defigneth  the  Lens.  Its 
Breath  2  {,  or  3  Inches.  SF,  one  of  the  ftraight  Lines,  in  which  iifform 
Rays  may  be  conceived  to  flow  fucccflQycly  from  the  Sun.  F  P>  andFR^  tv/o 
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of  thofe  Rays  unequally  refi^ded,  which  the  Lens  makes  to  cortvtrgfi  towardf 
Q^and  after  Dccuflktion  to  diverge  again.  And  HI,  the  Paper,  at  divers  Dw 
ilances,  on  which  the  Colours  are  projefted ;  which  in  QconltituceWhitenefi, 
bat  arc  Red  and  Yellow  in  R,  r,  and  f ,  and  Blue  and  Purple  in  P,.^,  and  ar. 

If  you  proceed  further  to  try  the  Impoflibility  of  changing  any  uncom* 
pounded  Colour  (which  I  have  afferted  in  the  third  and  thirteenth  Propofiu- 
ons)  •cisrequifite  that  the  Room  be  made  very  dark,  leff  any  fcattering  Light, 
mixing  with  the  Colour,  difturb  and  allay  it,  and  render  it  compound,  con- 
trary to  the  Defign  of  the  Experiment.  *Tis  alfo  requilite»  that  there  be  a 
perfefter  Separation  of  the  Colours,  than,  after  the  Manner  above  defcribed,. 
can  be  made  by  the  Refradion  of  one  fingle  Prifm  ^  and  how  to  make  fuch 
further  Separations,  will  fcarce  be  difficult  to  them  that  confider  the  difbovered 
Laws  of  Kehadions.  But  if  Trial  (hall  be  made  with  Colours  not  thoroughly 
feparated,  there  muft  be  allowed  Changes  proportionable  to  the  Mixture. 
Thus,  if  compound  Yellow  Light  fall  upon  the  Blue  Bife,  the  Bile  will  not  ap- 
pear perfeAly  Yellow,  but  rather  Green ;  becaufe  there  are  in  the  yellowMix- 
ture  many  Rays  endued  with  Green,  and  Green  being^  lefs  remote  from  the 
uAial  Blue  Colour  of  Bife  than  Yellow,  is  the  more  copioufly  reflcfted  by  it^ 

In  like  manner,  if  any  one  of  the  prifmatic  Colours,  fuppofe  Red,  bein* 
tercepted,  on  Defign  to  try  the  aflerted  Impoflibility  of  reproducing  that  Co* 
tour  out  of  the  others  which  are  pretermitted ;  'tis  neceffary,  either  that  the 
Colours  be  very  well  parted  before  the  Red  be  intercepted,  or  that  together 
with  the  Red,  the  neighbouring  Colours,  into  which  any  Red  is  fecretlydif- 
perfed  (that  is,  the  Yellow,  and  perhaps  Green  too)  be  intercepted ;  or  elfc^ 
that  Allowance  be  made  for  the  emerging  of  fo  much  Red  out  of  the  Yel- 
low-Green, as  may  polllbly  have  been  diffufed,  and  fcatteringly  blended  in 
thofe  Colours.  Afad  if  thefc  Things  be  obferved,  the  new  Produftion  of 
Red,  orany  inteiK:epted  Colour,  will  be  found  impofllble, 

II.  I.  ToLcontraft  the  Beams  of  the  Sun  without  the  Hole  of  the  Window,  5^  ir«^/- 
and  to  plaw  the  Prifm  between  the  Focus  of  .the  l^ns  and  the  Hole.  ^eiJlT^ 

2.  To  cover  over  both  Ends  of  the  Prifm  with  Paper  at  fcveral  DiAnnces  tkh  iheorf, 
from  the  Middle  ;  or  with  moveable  Rings,  to  fee  how  that  will  vary  or  di-  ^^I'j^  f^^Z 
vide  the  Length  of  the  Figure. 

3.  To  move  the  Prifm  fo,  as  the  End  may  turn  about,  the  Middle  being 
ftcddy. 

4.  To  move  the  Prifm  by  flioving  it,  till  firft  the  one  Side,  then  the  Mid- 
dle, then  the  other  Side  pals  over  the  Hole,  obferving  the  feme  Parallelifm. 

2.  I  fuppofe  the  Defign  of  the  Propofer  of  thefe  Experiments  is,  to  have  ^^yj^^,,,,,  ^ 
their  Events expreflfcd,  with  fuch  Obfcrvations  as  may  occur  concerning  them.  tbiTpto^fiLity 
Touching  ihtfirft^  I  have  obferved,  that  the  folar  Image  falling  on  a  Paper  ^''j^'^^f^^ 
placed  at  the  Focus  of  the  Lens,  was  by  the  interpofed  Prifm  drawn  out  in  May,  An!  1671. 
Length  proportional  to  the  Prifm*s  Refraftion  or  Diftance  from  that  Focus. 
And  the  chief  Obfcrvable  here,  which  I  remember,  was,  that  the  ftreight 
Edges  of  the  oblong  Image  wcrediftinder  than  they  would  have  been  with- 
out the  Lens. 

Con- 
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.  Confidcring  that  the  Rays  coming  from  the  Planet  Venus^  are  mach  kg 
inclined  one  to  another,  than  thofe  which  come  from  the  oppofite  Parts  of 
the  Sun's  Diflc  5  I  once  tried  an  Experiment  or  two  with  her  Light.  And 
to  make  it  fufficiently  ftrong,  I  found  it  neceflary  to  coUeft  it  firfl:  by  a  broad 
JLens  \  and  chen  interpofing  a  Prifm  between  the  Lens  and  its  Focus,  at  fuch 
Ciftance  that  all  the  Light  might  pafs  through  the  Prifm,  I  found  the  Focus^ 
which  before  appeared  like  a  lucid  Point,  to  be  drawn  out  into  a  long  Qplendid 
Lme  by  the  Prifm^s  Refradbion. 

Concerning  the  fecond  Experiment,  I  haye  occafionally  obfcrved,  that  by 
covering  both  Ends  of  the  Prifm  with  Paper  at  feveral  Diftances  from  the 
Middle,  the  Breadth  of  thciblar  Image  will  be  increaied  or  diminiOied  as 
much,  as  is  the  Aperture  of  the  Prifm,  without  any  Variation  of  the  Length : 
Or,  if  the  Aperture  be  augmented  on  all  fides,  the  Image  on  all  fides  will  be 
fo  much  and  no  more  augmented. 

Of  the  tbird  Experiment  I  have  occafion  to  ipeak  in  my  Anfwer  to  ano- 
ther Perlbn ;  where  you  will  find  the  EflFedls  of  two  Prifms,  in  all  crols  Po- 
iitions  of  one  to  another,  defcribed.  But  if  one  Prifm  alone  be  turned  about, 
the  coloured  Image  will  only  be  tranflated  from  Place  to  Place^  defcribing  a 
Ch-cle,  or  fome  other  conic  Se£tion  on  the  Wall,  on  which  it  is  prdeftcd, 
without  fufiering  any  Alteration  in  its  Shape,  unlefs  fuch  as  may  arite  from 
the  Obliquity  of  the  Wall,  or  cafual  Change  of  thePrifm's  Obliquity  to  the 
Sun's  Rays. 

The  Eflfeft  of  the  fourth  Experiment  I  have  already  infinuated,  telling  you 
that  Light  pafldng  through  Parts  of  the  Prifm  of  divers  Thicknefles,  did  (till 
exhibit  the  fame  Phacnomena. 

^itCenMiM4         ''^-  I  cannot  think  it  eflFc6hial  for  determining  Truth,  to  examine  the  fc- 
MeeMf  txa-  vcnl  Ways  by  which  Phaenomena  may  be  explained,  unlefs  where  there  can 
^TVA^.'^'bc  a  perfca  Enumeration  of  all  thofe  Ways.  You  know,  the  proper  Method 
Kewcon  { N.  85.  for  enquiring  after  the  Properties  of  Things*  is  to  deduce  them  from  Expe- 
5W,^iS.  U7«.riments.    And  I  told  you  that  the  Theory  which  I  propounded,  was  evincod 
to  me,  not  by  inferring  V/j  ihasy  becmfe  *tis  not  otherwife  \  that  is,   not  by 
deducing  it  only  from  a  Confutation  of  contrary  Suppofitions,  but  by  deriv- 
ing it  from  Experiments  concluding  pofitively  and  diredly.     The  Way 
therefore  to  examine  it,  is,  by  confidering.  Whether  the  Experiments  which 
I  propound  do  prove  thofe  Parts  of  the  Theory  to  which  they  are  applied,  or 
by  profecuting  other  Experiments  which  the  Theory  may  fuggeft,  for  its  Exa- 
mination.    And  this  I  would  have  done  in  a  due  Method  %  nhe  Laws  of  Re* 
fradtton  being  thoroughly  enquired  into  and  determined,  before  the  Nature  of 
Colours  betaken  into  Confideration.    It  may  not  be  amifs  to  pnxreed  ac- 
cording to  the  Series  of  thefe  Queries ;  which  I  could  wifh  were  determined 
by  the  Event  of  proper  Experiments,  declared  by  thole  that  may  have  the 
Curiofity  to  examine  them^ 

I.  Whether  Rays^  that  are  alike  incident  on  the  fame  Medium,  havetrir- 
£^ual  Refractions  ?  And  how  great  are  the  Inequalities  of  their  Refra&ions  at 
^ny  Incidence  ? 

2.  What 
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2.  What  is  the  Law  according  to  which  each  Ray  is  more  or  Ufs  refraffedi 
whether  it  be  that  the  fame  Ray  is  ever  refrad»d  according  to  ihtfame  Ratio' 
of  the  Sines  of  Incidence  and  Refradion  ;  and  divers  Rays,  according  to  di- 
vers  Ratio's ;  or  that  the  Refradbion  of  each*  Ray  is  greater  or  lels  without  any 
certain  Rule?  That  is,  whether  each  Ray  have  a  certain  Degree  of  Refran- 
gibility,  according  to  which  itsRefra&ion  isperfoBmed  ;..or  is  refraAed  with* 
out  that  Regularity  I 

3.  Whether  Rays^  which  are  endued  with  particular  Degrees  of  Refranp* 
hility^  when  they  are  t^  any  Means  feparated,  have  particular  Colours  con- 
fianify  belonging  to  them  *,  viz.  the  lead  Refrangible,  Scarlet ;  the  moft  Re- 
fran^ble,  deep  Violet;  the  middle^  SearGreen ;,  and  others^  other  Colours  T 
And  on  the  contrary  I 

4.  Whether  the  Colour  of  any  fi>rc  of  Rays  apart  may  be  changed  by  Re-- 
firalHont 

5.  Whether  Colours  by  coalefcing  do  really  ^Mg$  one  another  to  produce- 
a  New  Colour  J.  or  produce  it  by  mixing  only  ? 

6.  Whether  a  due  Mixture  of  Raysy  endued  with  all  variety  of  Colours^, 
produces  Ugbt  perfe^y  like  that  of  the  Sun^  and  which  hath,  all  the  iame 
Ptoperties,  and  exhibits  the  fame  Phsenomena  ?  a 

7.  Whether  the  component  Colours  of  each  Mixture  be  i^aMf  changed  yot 
be  only  Jj^rated^  when  £com  that  Mixture  various  Colours  are  produced: 
again  by  Re&aflion  ?. 

S.  .Whether  there  be  any  other  Colours  produced  by  RefraOion^  than  fuck 
as  ought  to  refult  from  the  Colours  belon^ng  to  the  diverfy  RefrangibleRays^ 
by  their  being  feparatedor  mixed  by  that  RefraElion  ? 

To.  determine  by  Experiments  thefe  and  fuchlike  Queries,  which  involve- 
the  propounded  Theory,  feems  the  moft  proper  and  dired  Way  to  a  Con-^ 
clufion*  And  therefore  I  could  wifh  all  Objections  were  fufpended,  taken  ftoni< 
Hypothefes,  or  any  other  Heads  than  thefe  two  \  of  (hewing  the  Infufficiency 
of  JSxperiments  to  determine  thefe  Queries,  or  prove  any  other  Parts  of  my* 
Theory,  by  afligning  the  Flaws  and  Defedb  in  my  Condufioos  drawn  from, 
them;  or  of  producing  other  Ejq)eriments  which  diredlljF-contradift  me,  if 
any  fuch  may  feem  to  occur* '  For  if  the  Experiments,  which  I  uige,  bede- 
fedive,  it  cannot  be  difficult  to  fhew  the  Defeds  \  but  i£valid>  then  by  pro- 
ving the  Theory  they  muft  render  all  Objeflions  invalid, 

IV.  I-  This  fo  extraordinary  an  Hypothefis,  which  overturns  the  very  ^^^^^^^^^^ 
Foundations  of  Dioptrics,. and  mak«s  uielefs  all  the  Pradbice  that  has  hitherto  v«*  '^»  ^^ 
obtained,,  is  intirely  built  upon  that  Experiment  of  the  GlaisPrifm,  in  which  G*ft<ii^PtISL 
the  Rays  of  Light  entering  at  the  Hole  of  a^  Window  into  a  dark  Room,  and  n.  84.  pi^.. 
then  ftrikingagainft  the  Wall,  or  received  upon  a  Paper,  are  not  gathered  •^'"*''  ^^  ^'^^ 
into  a  round  Spot,  as  Mr.  NewtonktmtA  to  expedl  from  the  received  Laws 
of  Refractions,  but  appeared  to  be  extended  into  an  oblong  Figure.  Whence 
he  concluded,  that  this  oblong  Figure  proceeded  from  this  Caufe,  that  fome 
of  the  Rays  were  reffaded  more  and  fome  lefs»^ 

But 
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But  it  fcems  to  me,  that  according  to  the  common  and  received  Laws  of 
Dioptrics,  that  Figure  ought  not  to  be  round  but  oblong.  For  fince  the 
Kays  proceeding  from  theoppodte  Parts  of  the  folar  Diflc  have  a  diflerent 
Inclination  in  pafCng  through  the  Prifm,  they  ought  to  be  difierently  re- 
fraded  ;  and  fmce  the  Inclination  of  feme  is  greater  than  the  Inclination  of 
others  by  at  leaft  30  Minutes,  the  Refraftion  alfo  muft  become  greater. 

7  hercfore  the  oppofite  Rays,  emerging  from  the  other  Superficies  of  the 
l^rifni,  diverge  and  divaricate  more  than  if  all  had  proceeded  without  Re- 
fradion,  or  at  leaft  had  been  equally  refrafted.  But  that  Refradion  of  the 
Rays  is  perfbrmied  only  towards  thofe  Parts  which  may  be  conceived  to  be  in 
Plains  perpendicular  to  the  Axis  of  the  Prifm  :  For  there  is  no  Inequality  of 
Refraction  towards  thofe  Parts  which  are  underftood  to  be  in  Plains  parallel 
to  the  Axis  ;  as  may  be  eafily  demonft  rated.  For  the  two  Superficies  of  the 
Prifm  may  be  judged  as  parallel  to  one  another,  in  refpeft  to  the  Inclination 
of  the  Axis,  fince  each  is  parallel  to  the  Axis.  But  the  Refiraftion  through 
two  parallel  plain  Superfices  is  reckoned  as  none,  becaufe  as  much  as  the- 
Ray  IS  defledbed  one  Way  by  the  firft  Superficies,  (b  much  it  is  turned  the 
other  Way  by  the  other  Superficies.  Therefore  fince  the  Rays  of  the  Sua 
paflTing  from  the  Hole  through  the  Prifm  are  not  refraded  at  the  Sides,  the/ 
proceed  fiirther,  as  if  no  Superficies  of  the  Prifm  had  intervened  (refpef):  oiily 
being  had,  as  I  &id  before,  to  that  lateral  Divarication ;)  but  fince  the  &mc 
Rays  are  refrafted  towards  the  upper  or  lower  Parts,  fome  indeed  more  and 
fome  lefs,  as  being  unequally  inclined  ;  it  is  neceflary  that  they  muft  divari* 
cate  more,  and  tho-efore  muft  be  extended  into  a  longer  Figure. 

Now  if  a  Calculation  be  rightly  made;  as  the  lateral  Rays  are  found  by 
the  learned  Newton  in  fuch  a  Breadth  as  (bbtends  an  Arch  of  31  Minute^ 
which  Arch  anfwers  to  the  Sun's  Diameter ;  fo  I  don*t  at  all  doubt,  but  that 
Height  alfo  of  the  Image  being  found,  which  fubtends  an  Arch  of  2^  49'. 
is  that  itfelf  which  in  that  Ckfe  anfwers  to  the  fame  Diameter  of  the  Sun  af« 
ter  the  unequal  Refradions. 
Til.  7t.  And  in  reality^  fuppofing  the  Prifm  to  be  ABC  whofe  Angle  A  is  So 

Degrees,  the  Ray  to  be  D  E,  which  makes  an  Angle  of  30  Degrees  with  the 
Perpendicular  £  H  ^  I  find  it  at  emerging  through  F  G  to  make  with  the 
Perpendicular  F I  an  Angle  of  76<>.  22'.  But  fuppofing  another  Ray  d  E, 
which  with  the  Perpendicular  EH  makes  an  Angle  of  29^  30'.  I  find  this, 
as  it  emerges  through /j^,  to  make  with  the  Perpendicular /i  an  Angle  of 
78^  .  45'.  Whence  thofe  two  Rays  DE,  i  E,  which  are  iuppofed  to  pro- 
ceed from  oppofite  Parts  of  the  Solar  Diflc,  make  an  Angle  with  each  other 
of  30  Minutes  \  but  the  fame  at  emerging  in  the  Lines  F  G,  /^,  fo  di- 
verge, as  to  conftitute  an  Angle  of  2®.  23'.  with  each  other.  Now  if  two 
otherRays  were  aflfumed,  that  approach  more  to  the  Perpendicular  EH  (which 
make,  for  inftance,  with  the  fame  Perpendicular,  one  an  Angle  of  2^". 
30',  the  other  an  Angle  of  29 -^  o',)  then  the  fame  Rays  at  their  emerging 
would  diverge  ftill  more,  and  would  make  a  greater  Angle,  even  fomctimes 
more  than  three  Degrees.  And  moreover  that  Interval  of  the  refradled 
Rays  is  farther  increafed  from  hence,  that  the  two  Rays  D£,  i/E,  meeting 

in 


ui  E,  immediately  b^in  to  divaricate,  and  hit  upon  two  ieparate  Points  of 
ihe  other  Supier^cics,  that  is»^  in  E  and/.  Therefore  it  it;  not  fuificient  foi* 
duly  performing  the  Calculation,  from  the  Length  of  the  'Imisige  projefted 
upon  the  Paper  to  fubtraft  the  Magnitude  of  the  Hole  of  the  Window ;  firice 
CTcn  fuppofing  the  Hole  £  to  be  indivifible,  there  would  be  as  it  were  an- 
other broad  Hole  in  the  other  Superficies,  which  is  F/. 

As  to  what  hie  calls  Experimentum  Cruets^  to  me  it  fcems  to  fall  in  with 
^e  commonly  rareived  Rules  of  Refradlion.  For,  as  I  have  now  fliewn,  the 
Solar  Rays»  which  approachin§^  and  converging  make  an  Angfe  of  go  De* 
0ees,  after  they  have  palled  through  the  indivifible  Foramen,  diverge  into  an 
Angle  of  two  .or  three  Degrees.  Therefore  it  is  no  wonder  if  the  fame  Rays, 
£ogIv  impingiDg  upon  another  Prifm  which  isalfo  opened  with  a  (mall  Hole, 
JhouldbeuoeqpIly.refraS^d^  ^nce  their  Inclination  is  unequal.  Nor  is  it 
to  the  ponpofe  that  thofe  Rays  are  railed  or  deprefied  by  the  Rotation  of  the 
firft  Pnfm,  the  iecood  Prifm .repawning  without  Motion^  (which  yet  cannot 
be  done  in  every  Cafe.}}  or  that,  the  fim  remainbg  immoveable,  the  Ibcond 
ibould  be  movra,.  that  it  may;  fuijxeflivel^  receive  the  coloured  Rays  of  the 
whuok  taape^  anaiianfmit  them  throi^h  its  own  Hole.  For  in  either  .Way 
It  lis  necel&*y,.diat  thofe  extreme  Raya,.  that  \%,  the  Red  and  Violet,  fhoula 
M  upon  the  f^cond  Prifm  at  an  unequal  Angle,  and  thereby  that  theii^  Re- 
febftion  ihoidd  be.unequaT,  fa  that  That  of  the  Violet  Rays  jQiould  be  the 
greater. 

Sioce  therefore  a. manifeU:  Caule  srppears,  why  the  Figure  of  the  Rays 
fliould  be  oblbng,  and  th&t  Caul^arifes  from  the  very  Nature  of  Refnu^tion  ; 
there  ieems  no  Qccafion  to  have  Recourfe  ix>  any  ether  Hypothefis,  or  to  zA- 
mil  any  diScttut  Fxangibility  of  the  Rays. 

What  afterwards  he  has  contrived  coneermog.  Colours,  that  ind^d  com<- 
modioully  follows  from  ilw  foregoing  Hypothefis;  yet  even  that  is  obtioxiotn 
to  ibme  Difficulties. .  For  as  be  affirms,  that  no  Colour  at  all,  but  rather 
Whitenefi,  will  appea}*,  when  the  Raysbf  all  Colours  are  miKd  promilcuoufly, 
that  does  not  feeni  con&rmable  to  all  the  Phenomena.  Surely  the  Varieties 
which  are  obferved  Iti  the  mingling  of  different  Bodies,  which  are  imbued 
with  different  Colours,  the  very  lame  are  perceived  in  the  mingling  of  differ- 
ent Rays  that  are.alfo  imbued  with  diSeitnt  Colours.  And  he  wellobfenres, 
that  as  from  a  Yellow  and  Blue  Body  a  Green  Colbar  arifes,  &  from  a  Yel- 
low and  Blue  Ray  a  Green  Colour  will  alfo  arift.  So  that  if  aS  the  Rays  of 
all  Colours  were  confounded  together,  it  is  ncoellary'  la  that  Hvpothefis,  that 
f^'t  lame  Colour  fhould  appear  which  really  appears  in  a  Mixture  of  all 
ints.  But  now  if  thofe  Colours,  that  is.  Red  and  Yellow,  tc^ther  with 
7C  and  Purple,  and  all  othen,  if  there  be  more»  were  beaten  together  and 
Qgled;  not  White  would  wpear,  but  a  dai^k  fad  Colour.  Therefore  a 
]  e  Colour  would  am)ear  in  the  or<^ary  Rays  of  Light»  if  it  confifted  of  a 
J    liacture  of  ail  forts  of  Colours. 

>fow  at  firft.Alped  nothing  feems  more  ingeaious  or  aH>re  proper,  than 

^   uat  he  fays  concerning  the  ExperiiBlent  of  the  moft  acute  Mr.  TJook^   m 

'  hich  two  different  Iiquors>  t^  one  Red  the  other  Blue»  and  both  fepo^ 
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rately  tranfpafent,  but  when  mixed  together  become  bpaque,     ^This;  the 

learned  Newton  fays,  arifes  from  hence,  that  one  of  the  Liquors  can  only 

tranfmit  the  Red  Rays,  the  other  only  the  Blue  ;  whence  being  mingled  they 

can  tranfmit  none.     This,  I  fay,  at  firft  fight  feems  very.oppofite;  nevcr- 

thelefs  it  fhould  follow  from  hence,  that  a  like  Opacity  would  arife  from  the 

Mixture  of  any  Liquors  of  different  Colours,  which  yet  is  not  tru^. 

Anfmer^dhy         2.  Thc  Revercnd  Fsithcr  Pardies  makes  the  Refradions  oh  the  difFercnt 

Mr.  Newton.    Sidcs  of  the  Prifm  as  unequal  as  he  can,  whereas  I  make  ^ditrni  equal,  both 

j^fi^^'^7t.  in  my  Experiments,  and  in  the  Calculation  founded  updri  tliofe  Experiments. 

■f'i-  73-       Let  A  BC  be  a  Seftion  of  the  Prifm  perpendicular  to  its. Axis,  FL,  K  Gi 

two  Rays  croffing  one  anbther  in  :^  the  middle  of  the  Hole^  and  falling  upon 

that  Prifm  at  G  and  L,  and' let  their  refrafted  Rays  be  GH,  L  w,.and  again 

HI  and  mn.  .  And  whereas  I  have  fuppofed  that  their  Refraftions  at  thc 

Side  AC  are  nearly  eqUal  tb"  thofe  at  the  Side  fi  C  ;  if  AC  iarrd  B*C  are  put 

equal,'  the  Rays' GH' and  Lj^i  will'  have  a  Hkfe  Inclination  to  the  Bafe  of  the 

Prifm  AB;   and  '.therefore' Vhe  Anglfc  Chfh  y^  Ang^:\<y^  O,   and'  Ang: 

CmLzn  Ang;  CGH/V  Wherefore  alfothfe^^^  G'and  m  will  be 

equal,  as  like  wife  in  L  and  H,  and  f6"  Ang.  KG  A=  arid 

Ang.  FL  A  =  Ang.'B HI:.  And  therefore  the  refraAe.d'liays  HI  and'fw» 

will  have  the  fame  Inclination  to  one  another  as  die  incideqt  i^ays,  FL  and 

KG.    Therefore  if  the  Angle  Fa^K  be  3b  Minutes,'  or -equal  to  the  Sun's 

pia^ieter,-  then  alfo  the  , Angle  C9mprehended  by  HI  ^nd jnn  will  be  30 

Minutes,  if  the  Rays  F  Land  KG  are  fuppofed  equalfy  "'refrangible.     But  to 

mp,  wTio  have  tried  it,  that  Angle  comes  out  about  2^ .  49',  which  the  Ray 

HI  exhibiting  the  utmoft  Violet  Colour,  contains  with  theR^y  mn  of  ^Bfiie 

Colour ;  and  therefore  it  muft:  be  rfeceflarily  gfanted,  tl^at  tfiofe  Rays  arc  dif- 

fereritly  refrangible,  or  that  the  Refraftions  afe  perfortlied  according  to  an 

unequ4l  feafio  of  the  Sines  of  Incidence. and'Refraftion. 

.  The  Reverend  Father  adds  befides,  that  fdr  rightly  performing  thc  Calcur 
lation,  it  is  not  fufficient  to  fubtrafit  the  Bfgnefs  of  the  Hole  from  the  Length 
of  the  Image  projefted  on. the  Paper;  becaufe  even  fuppofmg  the  Hole  to  be 
indivifible,  there  would  ffill  be  as  it  were  another  wide  rfqle  in  thc  poftcrior 
Superficies  of  the  Prifm.  '  Yet  this  notwithftanding  it  feems  to  me,  that  thc 
Refraftions  of  the!Rays,  croQing  at  the  anterior  as  well  as  pofteribr  Surface 
of  the  Prifm,  may  be  rightly  computed  from  the  Princi|)les  laid  down.  But 
if  the  Matter  Avere  otherwife,  the  Breadth  of  the  Chafm  "in*  the  latter  Super- 
ficies, which  is  as  a  Hole,  could  hardly  make  an  Error  of  two  Seconds ;  and 
in  praftical  Matters  I  think  it  not  wprth  while  to  take  Notice  of  fuch  minu'-r 

Differences.,  *     .:.  •- 

The  Reverend  Father  does  not  contradict  that  which  I  called  Experimentu,  \ 
Crucisy  while  he  Contends,  that  the  iinequabRefraftions  of  the  Rays,  endue  1 
-with  different  Colours,'  areprdduc^  bythcr -unequal  Incidences.  Forwhcii 
the  Rays  pafs  through  two  very  fmall,  diftant,  and  immoveable  Holes,  tho:  : 
Incidences  (as  I  made  the  Experiment)  wdre  plainly  equal,  and  yet  thefe  Re- 
fraftions  were  very  unequal.  But  if  he  has  any  Doubt  about  my  Experiments  ^ 
I  beg  that  he  would  try  himfelf,  and  meafurc  thc  Rcfraftions  of  the  Rays  cr- 

duci 
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daed  with  difierent  Colours,  from  equal  Incidences,  and  be  wilt  find -them  to 
be  unequal.  If  he  does  not  like  the  Way  I  made  ufe  of  to  try  this,  (than 
which  1  think  none  can  be  more  iatisfaftory)  it  is  eafy  to  contrive  others ;  as 
I  myieif  have  experienced  not  a  few,  and  with  good  Succefs. 

It  is  obje£ted  to  the  Theory  about  Colours,  th^t  Powders  of  different  Co-  ' 
Jours  being  mixed,  they  exhibit  not  a  White,  but  a  dark  Brown  Colour. 
Now  to  me  White,  Black,  and  all  intermediate  Brown  Coloin^  .wjiich  can 
be  compoied  of  White  and  Black  mixed,  feem  to  di&r  notio  much  in  tl^ir 
Spcdcsof  Colour  as  in  the  Quantity  of  Light.  And  in  the  Mixture  of 
Paints,  fince  the  feveral  Corpufcles  refleft  only  their  own  Co1ou!f,  and  there- 
fore ti^  greats  Part  of  the  incident  Light  is  fupprefled  and  Hffied ;  the  re- 
flected Light  mud  become  obfcure,  and  mixed  as  it  were  with  Darknefs,  fo 
that  it  cannot  exhibit  intenfe  Whitenefs,  but  fuch  as  would  be  caufed  by  z 
Mixture  of  Black,  that  is,  a  dark  Brown. 

It  is  then  objeded,  that  from  any  Liquors  of  difierent  Colours  mixed  in 
the  iiune  Veffel,  as  well  as  being  contained  in  different  Veffcls,  Opacity 
/hook!  be  produced,  which  yet  (he  fays)  is  not  true.  But  I  do  not  fee  the 
Confequence.  For  very  many  Liquors  a£fc  upon  one  another,  and  fecretly 
induce  a  new  Configuration  of  Parts  upon  one  another ;  whence  they  may 
become  opaque,  tranfparent,  or  endued  with  various  Colours,  fuch  as  could 
by  no  means  arife  from  a  Mbcture  of  Colours.  And  for  this  I  always  thought, 
that  Experiments  of  this  kind  were  leis  fit,  .from  whence  ConcluGons  could 
I  be  drawn.    Yet  here  I  will  obferve,  that  for  this  Experiment.  Liquors  are 

I  required,  which  are  ehdued  with  ftrong  and  intenfe  Colours,  which  tranfmif 

'  but  fiew  Rays  except  thofe  of  their  own  Colour.     Such  are  rarely  to  be  met 

I  with,  as  may  be  feen  by  illuminating  Liquors  in  a  dark  Room  with  the  dif* 

!  ftrent  CoJours  of  the  Prifm.     For  few  are  found  which  appear  very  tranfpa- 

rent in  their  own  Colours,  and  opaque  in  others.  It  is  alfo  convenient,  that 
the  Colours  made  ufe  of  fiiould  be  oppofite  to  one  another,  fuch  as  I  think 
Red  and  Blue  to  be,  or  Yellow  and  Violet,  or  alfo  Green  and  that  Purple 
which  approaches  to  Scarlet.  And  perhaps  fome  of  thefe  Liquors,  whofe 
tin^g  Particles  will  not  come  together,  when  mixed  may  become  more 
opaque.  But  I  am  nothing  foiicitous  about  the  Event,  as  well  becaufe  the 
^q)eriment  will  be  more  perfpicuous  in  Liquors  when  feparate,  as  becaufe  I 
I  propofed  that  Experiment  (as  jikewife  that  of  the  Rainbow,  of  the.  Tinfture 
I  ot  Lignum  Nepbriticum^  zsxA  the  Phasnomena  of  other  natural  Bodies)  not 
fo  much  to  prove  the  Dodrine  as  to  illuftrate  it.  • 

/Now  as  to  the  Reverend  Father's  calling  my  Theory  an  Ifypctbefis^  I  take 
not  amtfs,  becaufe  to  him  it  may  not  yet  appear.  But  I  propofed  it  with 
I  aacher  Intent,  and  it  &etns  to  contain  nothing  elfe  but  certain  Properties  of 

ght,  which  being  now  found  I  think  it  not  difficult  to  projre  ;  and  which 
I  did  not  know  to  be  true,  I  fhould  rather  choofe  to  rejeA  as  vain  and 
jspty  S{ieculation,  than  to  own  them  as  my  Hypothefis. 

3.  In  that  Hypothefis. which  our  Grimaldus  explains  at  large,  *\n  which  ^^^^Iw'^^P 
i  fiippofed  that  Light  is  a  certain  Subftance  moving  with  a  moft  r^id  Mo-  Pa/di^'  n.  85. ' 
ion^ .  feooi^  DiflSifioa  of  Light  might  be  made  after  pai&ng  through  the  Holti,  ^j^s^- 
:  *  'U  2  and''  •    •    ^ ' 


mi  the  Bsodbtkm  x£  di^  R)tyi«  AUb  in  thtt^  HypolthefiB,  in  vfiich  Light 
is  lui>pofed  to  proceed  thrcaigh  certain  Uadobudosis  of  fiibdJe  Matter,  «$  the 
very  ingentoos  J&ci  explaiiis  §  Colours  might  be  accounted  far  by  feme  kind 
of  DiSufion  and  Expanfion  ot  Unddadom,  which  nny  be  made  at  the  $ide9 
of  ihe  Rays  beyond  the'Hoie,  hy  CbntaA  itfelf,  and  by  the  Continoatton  of 
the  Matten  And  indeed  I  have  recourfe  to  fiidi  an  flypothefis,  in  the  Dif-* 
iertation  concerning  the  Mttion  of  Undulation,  which  is  tim  fixth  JE^art  of  my. 
Mechanics.  Where  I  fiippofe,  that  thole  appearmg  Colours  are  produced 
by  that  Commnntcation  of  IMotbn  alone,  which  is  propagated  at  the  Sidea 
'fr-74*  1^  the  Undubtions  going  direftiy  on.  As  if  Rays  entering  at  the  Hoie  a 
go  on  tamuds  i>y  the  diroft  Undulations  (having  rqgaid  to  ifaait  and  natural 
Motion)  ought  to  be  terminased  at  the  Right  Line  ^^;  yet  becauie  of  the 
Continuity  of  Matter,  diere  will  be  fpme  Communication  oi  Motion  towards 
the  Sides  ec^  where  a  certain  tremulous  and  fubfidtory  Succuflkm  will  beeK-^ 
deed.  Now  if  Colours  may  be  fuppo&d  to  confift  in  that  lateral  firbfultory 
Motion',  X  imagine  all  the  Phaeoomena  of  Colours  might  be  explained,  as  i 
have  endeavoured  to  do  nnore  at  large  in  the  Difiertxtioii  How  mentkaied. 
From  which  being  fiippoftd  it  will  alfi>  ^VPOblTj  why  the  Breadth  of  the  0>^ 
burs  muft  be  expaaded  fimher  than  the  Divarication  of  the  Rays  thenoicivea 
would  ttquirs. 

As  to  the  ExperimenPum  Cruets^  I  do  not  atkll  doubt,  but  that  in  his  Ex^ 
periment' he  makes  ufeof  fiicha  Situation,  as  that  thene  may  be  an  equal 
Inclination  of  the  incident  Rays  \  lioce  he  exprefly  ^rms  it  was  io  done  by 
him.  Bat  I  was  not  able  to  giiefs  that  from  what  I  had  lead  before,  where 
are  fuppofed  two*fmall  and  very  diftant  Holes,  and  one  Prifm  near  the  firft 
Hole  which  is  in  the  Window ;  through  which  Prifm  the  coloured  Rays 
proceeding,  fall  upon  the  other  difUnt  Hole.  It  was'aifo  added,  that  in  oiw 
der  that  ail  the  Rays  might  &11  fuccefiive}y  on  that  iecond  Hole,  the  fidl 
Prifm  was  turned  about  its  Axis.  But  by  this  means  it  muft  necefiarily  be^ 
that  the  Inclination  of  the  Rays  falling  upon  the  fecond  Hole  muft  be  chang^. 
I  alfo  fuggelled,  that  the  Thing  would  be  the  fame,  whether  the  firft  Prifm 
remaining  immoveable,  die  fecond  Hole  was  raifed  or  depreffcd,  that  it 
might  receive  fucceffiveiy  all  the  Rays  of  the  painted  Solar  Image ;  or,  thac 
fecond  Hole  remaining  immoveable,  the  firft  Prifm  was  tomed  about,  £> 
that  the  fame  Image  miight  change  its  Situation,  and  all  the  Paits  might  ftio- 
ceflively  impinge  upon  the  fecond  Hole.  But  widioot  doubt  the  moft&g^ 
cious  Newton  made  ufe  of  other  Cautions. 

As  to  what!  had  objeAed  about  the  Colours,  I  think  it  very  welliblved. 

And  that  I  called  his  Theory  an  Hypothefis,  I  did  it  without  any  Dcfign» 

but  made  ufe  of  the  Word  that  firft  occurred.    Therefore  I  defire  him  not 

to  think,  that  I  tiled  that  Word  in  any  kind  of  Contempt. 

jhfwtrHhy         4.  The  Reverend  Father  fays,  that  it  is  poffible  to  ei^lain  the  Length  of 

^'^r^:    the  Colours,  without  a  diffident  Kefirangibility  of  the  different  Rays  j  fup- 

juiy  £1^167*2.  pofe  from  the  Hypothefis  of  P.  GrimalMs^  by  the  Difiiifion  of  Light,  which 

IS  fuppofed  to  be  a  certain  Sobftance  mioved  with  the  greateft  Rapidity*,  w 

bjrthe  Hypodiefis  of  wf  Ho»k^  by  the  Diffufioo  or  E^cpanfion  4tf  Undula- 

tions» 
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liQD%  wbk^  .lie  iHttHrpds  we  isxcit^  in  the  ^)^cf  by  lucid  Bodies,  aod  to 
he  proppgilGed  wery  Way.  To  which  I  add,  ^h^t  by  the  Hyppthjcfis  of 
Carious  may  alfo  be  imagined  a  like  DifFufion  pr  Eodeavour  of  the  Prefllire 
of  tfaeGipbytos,  in  like  Manner  as  is  fuppofed  in  the  Explicacion  of  the  Tail 
of  a  X^o^c.  And  the  Umt  DilFufion  or  Expanfion.niay  be  feigned  accor- 
ding to  any  other  Hypothecs,  in  which  Light  is  fuppofed  to  be  a  Force, 
AdioD,  Quality*,  or  Subftance  of  ^ny  kind^  ea)itted  on  all  Sides  from  lumi- 
nous Bodies. 

T\m  I  n?«y  anfwer  this,  it  is  to  be  oblerved,  that  the  Dodrine  I  have  ex-- 
|)iuped  conceroAqg  Refradions  ^nd  Colours,  confifts  only  in  certain  Prpper* 
ties.  €|  Light,  n^gle<Stii^  all  Hypothe&s  by  which  thofe  Propenies  may  be 
explained.  Wherefore  I  thought  proper  here  wholly  to  refrain  from  the 
Confidecation  of  Hypothefes,  as  being  no  fit  Place  of  ArgMipentation  ;  and  I 
vill  abftrad  the  Force  of  the  Objection,  that  it  may  receive  a  fuller  and 
more  general  Anfwer.  , 

Ti^refore  by  Light  I  underftand  any  Being  qr  Power  of  a  Bei^g,  (whe« 
ther  it  be  a  Sobfta^nce,  or  any  Power,  Aftion,  or  QpaJi^y  of  it)  which  pro- 
ceeding dire&ly  from  a  liicid  Body  is  adapted  to  eifcite  Vifion.  And  by 
R^s  qi  Light  I  under(Und  the  leaft  Parts  of  it,  or  any  imdefinitely  little  P^r;a 
of  it,  which  do  not  depend  on  one  another;  fuch  as  are  all  thofe  Rays  which 
lomuipus  Bodies  emit  according  to  Right  Litres,  either  at  ^e  fame  Time  or 
focoe0iveiy.  For  thofe  as  well  collateral  as  fuccei]lve  Parts  of  Light  are  in* 
dependent,  fitice  forqe  without  others  may  be  intercepted,  and  may  \k  fep^^ 
lately  receded  pr.refra^ed  any  Way.  And  this  being  allowed,  all  the  Forc^ 
el  the  Ob}e^on  confifts  in  this,  that  \ht  Colours  noay  be  ftretched  out  i(i 
Lmgth  by  ^ipe  Diflfufion  of  the  Light  beyond  the  Hole,  which  does  not 
arife-fiiom  the  unequal  Refrangibility  of  difierent  Ray%  or  of  the  independent 
Parts  pf  Light.  . 

But  I  have  fb^wii  above,  that  they  are  not  lei>^hened  by  any  other  Means  ^ 
aod  that  I  mi^t  confirm  the  whole  in  the  (triaeft  M^wcr,  I  have  added 
th4t.&rperiineBt  which  now  is  well  known  by  tbeNan^  oi  ^p^rimeutum 
Cruets ;  of  the  Conditions  of  which  fmce  the  Reverend  Father  ha3  had  fome 
Doubt,  I  have  thought  fit  to  reprefeot  it  by  a  Scheme.  Let  BCbe  the  ri^^iii 
&nner  liul«  Bo^rd  tp  which^  the  Prifm  A  is  imm^iately  prefixed,  and  ]st 
PE  be  the  latter  Board*  at'the  Pift^nce  of  about  ^ 2  Feet  from  the  former^ 
bebind  which  the  other  Prifn>  F  is  fix'd.  Bgt  let  th^  Boards  be  fo  perforated 
»xwdy^  that  a  httle  pf  the  Light  re&afled  by  the  iformer  Prifm  may  b«^ 
tn^fimtfeed  through  each  of  the  Holes  to  the  fecond  Prifin,  and  there  agam 
\  refrained.  Now  let  the  former  Prifm  be  converted  about  its  Axi$  by  41 
i  ij^tioil  Motion,  and  the  Colours  falling  up^  the  latter  Board  D  £»  will 
I  \wSfA  aiKl  d^prefled  1:^  Turns,  by  which  Means  pother  and  another  Co* 
]  ur  at  Pleafure  imy  be  luccefiively  made  to  pafs  through  its  Hole  y  to  th^ 
j  tier  Prifm,  while  the  other  Colours,  will  ffdl  uppn  the  Boand*  Then  yo^ 
\  ill  fi^e,  that  the  Rays  which  are  endued  with  different  Cbiour^  wiU  fufier  a 
I  'fficicnt  Rdu^afiioh  in  that  letter  Prifm*  bec4u^  they  will  arrive  to  difitreni 
J  lice^of  theop{^fittWaU»qrofwyQb^ck,QHj:e«P9V9^ 

of 


of  fome  Feet  farther.  The  Violet  Rays  will  come  fuppdfe  to  H^  the  R«d 
to  G,  and  intermediate  ones  to  intermediate  Places.  And  yet  becauie  of 
the  determinate  Pofitionof  the  Holes,  the  Incidence  of  the  Rays  of  each  Co- 
lour pafling  through  each  Prifm  mufl:  needs  be  alike.  And  thus  it  appears 
by  meafuring,  that  the  Rays  afie<5ted  with  different  Colours  will  have  differ- 
ent Laws  of  Refraftions. 

But  I  fufpeft  what  it  woe  that  led  the  Reverend  Father  into  a  State  of 
Doubt ;  he  feems  to  have  placed  his  firft  Filfm  A  behind  the  Board  BC, 
and  thus  by  converting  it  about  its  Axis,  it  is  probable  that  the  Inclination 
of  the  Rays,  which  come  between  the  two  Holes,  may  have  fuffered  (bme 
Change  becaufe  of  the  intermediate  Refraftion.  But  by  the  Defcription  be- 
fore explained,  that  Board  ought  to  be  placed  after  the  Prifm,  that  the  Rays 
may  fall  direftly  between  the  Holes,  as  may  appear  from  my  Words ;  /  took 
two  Boards  J  and  placed  one  of  tbem  clofe  behind  the  Prifm  at  the  IVindaxv.  And 
the  Defign  of  the  Experiment  requires  the  £ime  Thing. 

But  farther  I  (hall  obferve,  that  in  this  Experiment,  becaufe  of  the  Re- 
fradion  of  the  fecond  Prifm,  the  coloured  Light  is  far  lefs  difRifed,  and  div^ 
ricates  leis,  than  when  it  is  quite  White,  fb  that  the  Image  at  G  or  H  is  al- 
moft  Circular;  efpedally  if  the  Prifms  are  made  parallel,  and  in  a  contrary 
Situation  of  their  Angles,  as  is  reprefented  in  the  Scheme^  And  farther,  rf 
the  Diameter  of  the  Hole  jr  is  equal  to  the  Breadth  of  the  Colours,  there  will 
be  no  Extenfion  of  the  fame  coloured  Light  in  Length ;  but  the  Image 
which  is  formed  by  any  Cotour  at  G  or  H  will  be  really  Circular  %  fuppoGng 
the  Holes  to  be  Circular,  and  the  Refraftion  of  the  latter  Prifm  not  to  be 
greater  than  of  the  former,  the  Rays  being  nearly  perpendicular  to  the  Ob- 
flade.  This  (hews  the  Diffuflon  mentioned  before  to  proceed  from  a  certain 
Law  of  the  Refraftions  of  every  kind  of  Rays,  and  not  from  the  Contaft  or 
Continuity  of  Matter  undulating  or  moving  very  fwiftly,  or  any  the  like 
Caufe.  But  why  that  Image  fhould  be  Circular  in  one  Cafe,  and  in  others 
Something  ftretched  out  in  Length,  and  how  the  Extenfion  of  the  Light  into 
Length  may  be  leffened  at  Pleafure  in  any  Cafe,  I  (hall  leave  to  be  deter- 
mined by  Geometricians,  and  then  to  be  compared  with  Experiment.  -  • 

After  the  Properties  of  Light  have  been  fufHciently  examined  by  theie 
and  the  like  Experiments,  by  confidering  the  Rays  as  Parts  of  it  either  col* 
lateral  or  fucceffive,  of  which  we  have  found  by  their  Independence  that  they 
are  diftinft  from  one  another;  Hypothefes  are  thence  to  be  judged  of,  and 
thoie  are  to  be  rejefted  which  cannot  be  reconciled  with  the  Phasnomena^ 
But  it  is  an  eafy  Matter  to  accommodate  Hypothefes  to  this  Do<5lrine.  For 
if  any  one  has  a  Mind  to  defend  the  Cartejian  Hypothefis,  he  may  fay  that 
the  Globules  are  unequal,  or  that  the  Preffures  of  thie  Globule^  are  Ibme 
ftronger  than  others,  and  thence  they  become  differently  refrangible,  and 
proper  to  excite  a  Senfation  of  different  Colours.  And  fo  according  to  Mn 
Hook\  Hypothefis,  it  may  be  faid,  that  the  Undulations  of  the  ^her  4K 
fome  greater  or  denfcr  than  others.  And  fb  of  the  reft.  For  this  feems  to 
be  the  moft  neceffary  Law  and  Condition  of  Hypothefes,  in  which  natural 
Bodies  are  fuppofed  to  confift  of  a  Multitude  of  Corpufcles  cphcring  together^ 

thac 


that  from  the  dlfierent  Particles  of  lucid  Bodies,  or  from  the  different  Parts  of 
cbefame  Corpufcle,  (according  as  they  differ  in  Motion,  Figure,  Bulk,  or 
any  other  QoaKties)  unequal  PrdTurcs,  Motions,  or  moved  Corpufdes,  may 
be  propagated  every  Way  through  the^JEcher,  from  which  being  confufcdJy 
mixed  together.  Light  may  be  fuppofed  to  be  conftitutcd.  And  nothing 
can  be  more  difficult  in  thefe  Hypomefes  than  the  contrary  Suppofition. 

From  the  Aperture  or  Dilatation  of  the  Light  in  the  latter  Face  of  the 
Prifm,  which  the  Reverend  Father  fays  is  a  Hole  as  it  were,  it  is  fufficicnt 
that  no  fenfible  Error  can  ^arife^  if  there  is.  any  at  idi  And  if  a  Calculation 
is  made  exaftly  according  to.  the  Observations,  the  Error  will  be.  none.  For 
the  Dfeuneter  of  thcr.Hoie  beingiifhfatraacdf  from-thc  Length  of  the  Image, 
at  Length  will  i^main  which  tte:  Image,  would  have,  if  the  Hole  before  the 
F^fm^were  an  indivifiUie  Pbtnty  and^tbat  notwithftanding  the  aforefaid  Dila* 
tation  oftht  Light  In  the  latter  Face  lof  the  Prifin  y  as  may  eaftly  be;ihewn. 
Then  from  that  given  Length!  of  the  Image,  and  its  DiftanceTfom^the  indi* 
vifibte  Hole,  astiJlb  iMO^thcFofitioniand  Form  of  the  Prifm,  and  from  the 
Inclination  of  the  incidencRay^toi^  and  from  the  Anjgle  which  the  xofnidled 
Rays^  tending  to  the  Middle  of  the  Image  make  with  the  incident  Rays  from 
the  Center  of  the  Sun^  a)l  the  odier  Thih^  may-ix^oletermined, :  An4  what 
determines  the  Refrafbions  and  Pofitions  of  the  Rays  are  fufficient  to  make  a 
VW  Calculation  of  thofe.  Refra&ions.  But  this  Matter  is  not  of  fuch  CooKh 
quence  as  to  make  an/Difficulty.  ......         :.:.    : 

As  to  the  Reverend  Pather^s  calling  our  DoArine  in  HypotheOs,/  Ibelieve 

It  proceeded  from  nothing  elfe,  but  that  he  ufed  the  Word  which  firft  oc* 

dirred  to  him,  for  a  Cuftom  has  prevailed,  that  whatever  is  explaii>ed,in 

Pkilofophy  h  called  ^atiHypothefis.     And  I  had  nooth^r  Defign  in  Shewing 

my  Diflike  to  that  Word,  than  to  obviate  an  Appellation-^  which  tnay  n^if- 

'  lead  thofc  who  defire  to  philofophize  the  right  Way,. .    . 

5.  Mr.  Newtotf^  laft  Anfwer  to  my  Objedtions  lias  tntirely  latisfied  me.^v**^*"?^^ 
The  laft  Scruple  that  I  had,   about  the  Expcrimnfum  Grucis^  i^  fully  re-oa"ft.^ri/«. 
moved.    And  now'  I  clearly  underftand  by  his  Figure  y^\a^  ^  did  not  under- ^-^^s-  f-  s««- 
ftand  before.    When  the  Experiment  was  perforated  afcy&r  bis  Manncti  every  ^"  ^'  ^'  *  ^** 
Thing  fucceeded,  and  1  had  nothing  iarther  to  dcfire,  .. 

V.  The  Confiddration  on  my  theories  confifts  in  afcribing  an  Hypothefisff^^^fT'- 

1  •    I     •  •  fr*  TT  !.#••  i»L  1  •        tiotix  tip09l  tots 

to  me,  which  is  Adt  mme ;  m  alTerting  an  Hpothefis,  which,  z^  to  the  prm-Tbeoryi  ly  — 
cipal  Parts,  is  not  againft  me  ;  in  granting  the  greateft  Part  of  my  Difcourfe,jJ^^'''§'^g^ 
if  explicated  by  that  Hypothefis ;  and  in  denying  fome  Things,  the  Truth  of>.  508^ 
irhicn  would  have  appeared  by  an  Experimentistl  Examination.  Nov.  a^  H7»« 

Of  thefe  Particulars  I  (hall  difcourfe  in  Order.  Andfir^  of  the  Hypothc- 
s,  which  isafcribed  to  me  in  thefe  Words :  But  grant  iBis  jirft  Suppofition^ 
bat  Ugbt  is  aBoJy^  and  that  as  many  Colours  or  Degrees  as  there  may  be^  fo 
wty  Bodies  there  may  be\  all  which  compounded  together  would  make  fVhiUy 
Itc.  This,  it  feems,  is  taken  for  my  Hypothcfis.  Tistrue,  that  from  my 
fheory  I  argue  the  Corporeity  of  Light  •,  but  I  do  ic  without  any  abfolute 
?ofitiveneis,  as  the  Yfotd  perhaps  intimates^  and  make  it  at  moft.but  a  very 
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pku^ibfe.CpDfcquence  of  tfaeDofbine^  and  not  a  ftmdtiiMI&ttl  SttppoOtioob 
nor  fo  much  as  any  Fart'tif  it;  i^hich  was  wholly  comprehended  in  thepre^ 
cedent  Propofitions.  AntLI  foaiewhat  wonder,  how  the  Objeftor  could  ima* 
gine,  that^  when  I  hadaffenaed  the  Theory  with  tibe  greateft  RigeMsr*  I  Aoi^ 
be  ib  forgetful  as  afterwards  to  affert  ^he  fundaitiental  Suppofitbn  ufelf  with 
no  more  than  a  perhaps.  Had  I  iatended  any  &ch  Fiypothcfisy  I  fliouU 
fottiewhere  have  explained  k:  But  1  knew,  that^he  Properties,  whish  I  de- 
clared of  Light,  were  in  fiime  meafure  capable  of  being  explicated,  notonlf 
by  that,  but  by  many  txiict  mecbintcal  Hypothefes ;  and  therefore  I  ch<lfe 
to  decline  them  ail,  and  to.  fpealc  of  Lijghi  ia  general  Terms,  confidtsriog  it 
ab(lra£tly,  as  fomething.  or  other  propsq^ted  evcrr  W^  in  ftreightLiiKa 
from  luminous  Bodies,  without  determining  what  that  Thing  is  ^.  whether  # 
oon&M  Mixture  of  dtflbrm  Powers^  or  Beingr  wfidtfoeircc.  And  for  die 
ftme  Relfoti  i  chofe  m  ipeakof  GoIOuKaccosdiag  to  the  Information  ^f  our 
^enfes,  as  if  they  w^re  Quaiides  of  Light  without  u&  Whereas  by  that  Hf- 
|Xltbefis^  i  muft  haive  coniidered  them  radicraa  Modes  of  Seniation,  excicnd 
in  the  Mind  by  rarious  Motions,  Figures,  or  Siases  of  the  Corpufeles  of 
Light,;  making  ^rious  meclianical  ImptefliDns  on  the  Oi^n  of  Senfe:  as  I 
ttpnffcA  it  in  that  Flaoe-,  where  I  fpabe  of  idie  Corporeity  of  Light. 

Sur  fif^xifing  1  had  pn>pounded  that  Hypotheus,.  I  uaderiland  not  whjr 
^  Objefi»f  (hould  fo  mocn  endeavour  to  o^pofd  it :  Pot  certainly  it  hat.  a 
miich  greater  Affiniij  with  his  own  Hypothefis,  than  he  feems  to  be  awane 
tfi  thoVibrntions  or  the  ifither  being  as  uifefbl  and  neocffiuy  in.  thist  as  in 
hk  I  for  afibming  the  Kays  of  Light  to  be  fmalJ  Bodies^  emitted  every  Way 
Hxim  iiitiilig  Subftances,  thoTe,  when  they  impinge  on  any  refiaC&ig  or  re* 
fleftmg  Superficies,  mii^  is  necefiarily  excite  Vibrations  m  the  JStiMp,  as 
Scones  da  h.  Waier  when  thrown  int6  it.  And  fuppofing  thefe  Vibrations  lo 
be  of  feveral  Depths  or  Thicknefles>  accordingly  as  they  ate  excited  by  the 
ftid  corpuibularRi^ys  of  various  Sifces  and  Velocities;  of  what  Ufe  they  will 
be  for  explicadng  tne  Manner  of  Retieftion  or  Refra£tion,  the  Produftion  of 
Heat  by  the  Sun-fieams,  the  Emiffion  of  Light  from  Burning,  Putrifying* 
or  other  Subftances,  whofe  Parts  are  vehemently  i^tated,  the  Phsenooaena 
of  thin  traniparent  Plates  and  Bubbles^  and  of  all  natural  Bodies,  thft  Manner 
ofVilion,  and  the  Difference  of  Colours,  asalfo  their  Harmony  and  Dif- 
cord  \  I  (hall  leave  to  their  Gonfideration,  wha  may  think  it  worth  d»eir 
Endeavour,  to  apfdy  this  Hypotfaefis  to  the  Solution  (v  Phamomena. 

In  tht  fecvnd  Place^  I  told  you.  That  the  ObjeAor's  Hypothelis,  as  to  die 
fundamental  Part  of  it,  tt  not  againft  me;  That  fondatrntital  Siippofition  is  s 
That  i^e  Paris  of  Bodies^  H»bm  hrijkhf  i^Med^  do  exciieFitrattMS  intii  M^ 
iber^  'tOkich  are  frefogaied  m^erf  fVay  from  thofe  Bodies  inftreighi  lAnes^  and 
taufe  a  SinfaHon  of  Light  ty  beaiim  and  da/bing  agamft  the  Bottom  of  the  ^ye^ 
fomething  after  the  Mmmer  that  yibraticns  in  the  Air  eaufe  a  Senfktioet  of 
Sound  by  beating  againfi  the  Organs  of  Hearing.  Now,  the  mod  free  and  na- 
tural Applieation  (^thjs  Hypothecs  to  the  Solution  ofPhaenooiena,  I  take  to 
be  this :  That  the  agitated  iVts  of  Bodies,  aocordbg  to  their  fereral  Snn% 
Figuiesi  andMocionS)  do  excite  Vibradons  in  the  iSther  of  varioos  Depths  or 
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which  fewng  promJlGUOudy  propagated  through  that  Medium  to 
our  Eyes,  cffoA  in  us  a  Seni^tion  of  Lighc  of  a  white  C^ur;  but  if  by  any 
means  thofc  of  unequal  Bignefles  be  feparated  from  one  another,  the  largelt 
kgbe  a  Smfatien  oF  a  red  Colour ;  the  leaft  or  Ihorteft,  of  a  deep  Violet  y  and 
the  incermedhite  ones,  of  intermediate  Colours ;  much  after  the  manner  char 
Bodies,  according  to  their  feveral  Sizes,  Shapes,  and  Motions^  excite  Vibra<» 
dons  in  the  Air  of  various  Bignefles,  which,  according  to  thofe  BignefTes,  make 
iirveral  Tones  in  Sound :  That  the  largeft  Vihratiqns  are  heft  able  to  overcome 
die  ReQftance  of  a  refraAing  Superficies,  and  fo  break  through  it  wich  leaifc 
JtofrtftiQn;  whence  the  Vibrations  of.  feveral  Bigneile§,  that  is,  the  Rays  o£ 
fiweial  Odours,  which  are  blended  together  in  Light,  muft  be  parted  from^ 
one  fmodisr  -by  Refraftion^  and  fo  caufe  the  Pi^omena  of  Prifms,  and 
teher  refirading  Subftances:  And  that  ic  depends  u^n  the  Thicknefs  of  a 
tiib  tranipaiwt  Plate  or  Bubble,  whether  a  Vibration  fiiall  be  refledted  at 
Jtt  further  Superficies,  or  tranfmitted  ;  fo  that,  according  to  the  Number  of 
Vijkracions  interceding  the  two  Superficies,  they  majr  be  rc^SeAed  or  tranf? 
mood  for  snany  fuccefllve  Thicknefies.  And  fince  the  Vibrations  which 
iwke  Bkie  aqd  Violet,  are  fuppofed  fhorter  than  thofe  ^hich  make  Red  and 
YaOow,  die^  mufi  be  refleAed  at  a  lefs  Thickoels  of  the  Plate :  Whkh  is 
foQpcnt  to  explicafie^Il  the  ordinary  Phsnomena  of  thofe  Plates  or  Bubbles^ 
and  alfb  of  all  natural  Bodies,  whofe  Parts  are  like  fo  many  Fragments  of 
ittbh'Pfaies. 

Thefe  feem  to  be  the  moft  plain,  genuine,  and  necefiary  Conditions  of  this 
jH^reodiofiB.  Aitd  they  agree  (ojuftfy  with  my  Theory,  ,that  if  the  Anim(ul-» 
wHqr  dbink  fit  46  apply  them,  he  need  npt,  on  that  Accoifnt,  apprehend  a 
Dboroeftom  it.  But  yet  how  he  will  defend  it  from  other  Difficukies,  i 
Jaownoi^  for  to  me  the  fundanaental  Suppofition  i^If  feems  impqfQible, 
fia»e}y,  that  the  Waves  or  Vi|>mtions  of  any  Fluid,  can,  like  the  Rays  of 
Light,  be  propagated  in  ftreight  Lines,  without  a  continual  and  very  extra* 
mgant  fpreadi/ig'and  bending  every  Way  into  the  quieicent  Medium,  where 
they  are  tenninatsd  by  it.  I  miftake,  if  there  be  not  both  E^cperiment  and 
Demonftr^tion  to  the  contrary.  And  as  to  the  other  two  or  three  Hypothe* 
fcs,  which  he  mentions,  I  had  rather  believe  them  fubjeft  to  the  like  Diffi^ 
cqlties,  than  &sfpe&,  the  Animadverfor  (houtd  feled:  the  worft  for  his  own. 

What  I  have  &id  of  this,  may  be  eafily  applied  to  all  other  mechanical 
Hypotheies^  in  which  Light  is  fupppfed  to  be  cs^ufed  by  any  PrefTion  or  Mo* 
tbn  whatibever,  excited  in  the  ^ther  by  the  agitated  Parts  of  luminous 
Pndies ;  for  it  feems  impofiible  that  any  of  jhofe  Motions  or  PrelTions  can 
I  propagated  in  ftreight  Lines,  without  the  like  fjpreading  every  AVay  into 
i  :  ihadowcd  Medium  on  which  they  border.  But  yet,  if  any  Man  can 
i  okitpofiible,  he  muft  at  leaft  allow,  that  thole  Motions,  or  Endeavours 
I  Motion,  caufed  in  the  JEther  by  the  feveral  Parts  of  any  lucid  Body,  that 
(  lierinSize,  Figure,  and  Agitation,  muft  neceflarily  be  unequal :  Which  is 
<  .ough  to  denominate  Light  an  Aggregate  of  Difform  RaySj  according  to 
9  y  of  thofe  Hypothefes.  And  if  thofe  original  Inequalities  may  fuffice  to 
<i  Jcrence  the  Rays  in  Colour  and  Refrangibility,  I  fee  no  reafon,  why  they. 
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that  adhere  to  any  of  thofe  Hypothefes,  Ihould  feek  for  other  Caufes  of  tlidft 
EfFciSbs,  unkfe  (to  ufe  the  Objeftor's  Argument)  they  mil  muUipfy  Entities 
without  Neceffity. 

The  third  Thing  to  be  confidered  is,  the  Condition  of  the  Animadverfor's 
Conceffions,  which  is.  That  I  would  explicate  my  Theories  by  his  H)rpo- 
thefis:  And  if  I  could  comply  with  him  in  that  Point,  there  would  be  Iktk 
or  no  Difference  between  us :  For  he  grants,  That,  without  any  reipeft  to 
a  diSerent  Incidence  of  Rays,  there  are  difierent  RefraSions ;  but  he  would 
have  it  explicated,  not  by  the  different  Refrangibility  of  feveral  Rays,  but  by 
the  fplitting  and  rarefying  -^Ethereal  Pulfes.  He  grants  my  third,  foiuth, 
and  fixth  Propofitions ;  the  Senfe  of  which  is.  That  uncompoanded  Colours 
are  unchangeable^  and  that  compounded  Ones  are  changeable  only  by  rr- 
folving  them  into  the  Colours  of  which  they  are  compounded :  and  that  all 
the  Changes  which  can  be  wrought  in  Colours,  ^arc  effcded  only  by  varioaflyr 
mixing  or  parting  them  :  But  he  grants  them  on  Condition  that  I  will  ex« 
plicate  Colours  by  the  two  Sides  of  a  fpltt  Pulfe,  and  fo  make  but  two  Spe- 
cies of  them,  accounting  all  other  Colours  in  the  World  to  be  but  varioui 
Degrees  and  Dilutings  of  thofe  two.  And  he  further  grants,  that  Wkice*^ 
nefs  is  produced  by  the  Convention  of  all  Colours;  but  then  I  muft  allow 
it  to  be  not  only  by  Mixture  of  thoie  Colours,  bat  by  a  farther  uniting  of 
the  Parts  of  the  Ray  fuppofed  to  be  formerly  fplit. 

If  I  would  proceed  to  examine  thefe  his  Explications,  I  think  it  would  be 
no  difficult  Matter  to  (hew,  that  they  are  not  only  infufficienf,  but  in  tome 
refpefts (tome  at  leaft)  unintelligible:  For  though  it  be  cafy  to  conceive, 
how  Motion  may  be  dilated  and  fpread,  or  bow  paraliel  Motions  may  be- 
come diverging ;  yet  I  underfland  not,  by  what  Artifice  any  linear  Motion 
can  by  a  refrading  Superficies  be  infinitely  dilated  and  rarefied^  fo  as  to  be- 
come fuperficial :  Or,  if  that  be  fuppofed,  yet  I  underfiand  as  little,  why 
it  fhould  be  fplit  at  fo  fmall  an  Angle  only,  and  not  rather  fpread  and  di£- 
perfe  through  the  whole  Angle  of  Refradion.  And  further,^  though  I  can 
eafily  imagine,  how  unlike  Motions  may  crofs  one  another ;  yet  I  cannot 
well  conceive,  how  they  fhould  coalefce  into  one  uniform  Motion,  and  then 
prt  again,  and  recover  the  former  Unlikenefs ;  notwith  flan  ding  that  I  con- 
jedlure  the  Ways  by  which  the  Animadverfor  may  endeavour  to  explain  iu 
So,  that  the  dire<5i:,  uniform,  and  undiflurb*d  Pulfes  fhould  be  fplit  and  difl 
turbed  by  Refiaftion  \  and  yet  the  oblique  and  diflurbcd  Pulfes  perltft  with-* 
out  fplitting,  or  further  Difturbance,  by  following  Refradions,  is  (to  m^as 
unintelligible :  and  there  is  as  great  a  Difficulty  in  the  Numbor  of  Cedburs ; 
as  you  will  fee  hereafter. 

But  whatever  be  the  Advantages  or  Difadvantages  of  this  Hypothefis,  I 
hope  I  may  be  excufed  from  taking  it  up,  fmce  I  do  not  think  it  need&l  to 
explicate  my  Dodrine  by  any  Hypothefis  at  all :  For  if  Light  be  confidered 
abflradedly  without  reipedt  to  any  Hypothefis,  I  can  as  eafily  conceive,  tKat 
the  feveral  Parts  of  a  fhining  Body  may  emit  Rays  of  different  Colours  and 
other  Qualities,  of  all  which  Light  is  conflituted,  as  that  the  feveral  Parts  of 
a  falf?  or  uneven  String,  or  of  unevenly  agitated  Water  in  a  Brook  or  Cata- 
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raftf  or  the  ftveral  Pipes  of  an  Organ  infpir'd  all  at  once,  or  all  the  Variety 
of  ibunding  Bodies  in  the  World  together,  Ihould  produce  Sounds  of  feveral 
Tones,  and  propagate  them  thro*  the  Air  confufedly  intermixed.  And  if 
there  were  any  natural  Bodies  that  could  refleft  Sounds  of  one  Tone,  and  fti- 
fleor  tranfmit  thofe  of  another ;  then,  as  the.  Echo  of  a  confufed  Aggregate 
of  all  Tones  would  be  that  particular  Tone,  which  the  echoing  Body  is  dif- 
pofed  lorefkft;  fo,  fince  (even  by  the  Animadverfor^s  Conceffions)  there 
arc  Bodies  apt  to  rcfledl  Rays  of  one  Colour,  and  ftifle  or  tranfmit  thofe  6f 
ano^r ;  I  can  as  eafily  conceive,  that  thofe  Bodies,  when  illuminated  by  a 
Mature  of  all  Colours,  muft  appear  of  that  Colour  only  which  they  refleflr. 

But  when  the  Objeftor  would  infinuate  a  Difficulty  in  thefe  Things,  by 
alluding  to  Sounds  in  the  String  of  a  mufical  Inftrument  before  Percuflion, 
or  in  the  Air  of  an  Organ-Bellows  before  its  Arrival  at  the  Pipes ;  I  muft 
conitfs^  I  underfland  it  as  little,  as  if  one  had  fpoken  of  Light  in  a  Piece  of 
Wood  before  it  be  fet  on  Fire,  or  in  the  Oil  of  a  Lamp  before  it  afcend  up 
the  Match  to  feed  the  Flame. 

You  lee  therefore  how  much  it  is  belide  the  Bulinels  in  Hand  to  difpute 
about  Hypothefes.  For  which  Reafon  I  (hall  now,  in  the  laft  Place,  pro- 
ceed to  ad>fttaA  the  Difficulties  in  the  Animadverfor's  Difcourfe,  and  with- 
out having  regard  to  any  HypotheHs,  confider  them  in  general  Terms.  And 
they  may  be  reduced  to  thefe  three  Queries: 

1.  Whether  the  unequal RefraSiions^  made  without  refpeSl  to  any  Inequality  of 
Incidencey  he  caufed  by  the  different  Refrangibility  of  feveral  Rays ;  or  by 
the  fplitting^  breakings  or  dtjjipating  the  fame  Ray  into  diverging  Parts  ? 

2.  Whether  there  he  more  than  two  Sorts  of  Colours  f 

3.  f^heiber  Whitenefs  be  a  Mixture  of  all  Colours  ? 

T\\tfirft  of  thtk  ^eries  yoM  may  find  determined  above,  by  an  Expe- 
riment: The  Defign  of  which  was  to  (hew,  that  the  Length  of  the  coloured 
Image  proceeded  not  from  any  Unevennefs  in  the  Glafs,  or  any  other  con- 
tingent Irregularity  in  the  Refradions.  Amongft  other  Irregularities,  I  know- 
not  what  is  more  obvious  to  fufpedl,  than  a  fortuitous  Dilating  and  Spreading 
of  Light,  after  fome  fuch  manner,  as  Des  Cartes  has  defcribed  in  his  /Ethereal 
RtfraSicnsy  for  explicating  the  Tail  of  a  Comet ;  or  as  the  Animadverfor  now 
foppofes  to  be  efFefted  by  the  fplitting  and  rarefying  of  his  ethereal  Pulfes. 
And  to  prevent  the  Sufpicion  of  any  fuch  Irregularities,  I  told  you,  that  I 
refraded  the  Light  contrary  ways,  with  two  Prifms  fucceffively,  to  deftroy 
ereby  the  regular  EflFcdls  of  the  firft  Prifm  by  the  fccond,  and  to  difeovcr 
e  irregular  Effefts  by  augmenting  them  with  iterated  Refraftions.     Now, 
nongft  other  Irregularities,  if  the  firft  Prifm  had  fpread  and  diflipated  every 
tay  into  an  indefinite  Number  of  diverging  Parts,  the  fecond  fliould  in  like 
.nanner  have  fpread  and  diflipated  every  one  of  thofe  Parts  into  a  further  in- 
'^efinite  Number,  whereby  the  Image  would  have  been  ftill  more  dilated,  con- 
ary  to  the  Event.    And  this  ought  to  have  happened,  becaufe  thofe  linear 
liverging  Parts  depend  not  on  one  another  for  the  manner  of  their  Refra6tfon, 
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but  are  every  one  of  them  as  truly  and  compJeatJy  Ray«i  a4  tlie  ^kcie  wasbew 
fore  its  Incidence-,  as  may  appear  by  intercepting  them  feverally. 

The  Reafonablencfs  of  this  Proceeding  will,  perhaps,  better  -appear  by  ac- 
quainting you  with  this  further  Circumftance.  I  fometimes  pJaccd  the  focond 
Prifm  in  a  Pofition  tranfverfe  ro  the  firft)  on  Defign  to  try  if  it  would  flaaks^ 
the  long  Image  become  four-fquarcj  by  RefraftioHs  erofliog  thofe  that  hid 
drawn  the  round  Image  into  a  long  one.  For  if,  amongft  other  IrregulaTiCiea^ 
the  Refraftion  of  the  firft  Prifm  did,  by  fplitting^  dilate  a  linear  R4y  i'Ato  a 
iuperficial ;  the  crofs  Refradlions  of  that  fecond  Pfifra  oiightv  by  f«ft*ther 
fplitting,  to  dilate  and  draw  chat  fuperBcial  Ray  into  a  pyramidical  Solid.  Boc; 
upon  Trial,  I  found  it  otherwife  *,  the  Image  being  as  regularly  oblong  as 
before,  and  inclined  to  both  the  Prifms  at  an  Angle  erf"  45  Degrees. 

I  tried  alfo  all  other  PoHtions  of  the  fecond  Prifm,  by  turning  <he  Ends 
about  its  middle  Part  5  and  in  no  cafe  could  obferve  any  Aich  Irreguktrity. 
The  Image  was  ever  alike  inclined  to  both  Prifms>  its  Breadth,  anff^^rifig  to 
the  Sun*s  Diameter,  and  its  Length  being  greater  or  lefe,  adco?ding  tta  thp 
Refntftions  more  oriefs  agreed  orcontradifted  one  another. 

And  by  thefc  Obfervations^  fince  the  Breadth  of  tht  loM^ge  was  not  aug- 
tnehted  by  the  crofs  Refraftion  of  the  fecond  Prifm,  that  Refraftion  muft^hajwe 
been  performed  without  any  fplitting  or  dilating  of  the  Ray ;  and  therefere^ac 
ieaft  the  Light  incident  on  that  JPrifm  mud  be  granted^ain  Aggr^te  of  R^s 
unequally  Refrangible  in  my  Senfe.  And  fince  the  Image  was  equally  incfined 
to  both  Prifms,  and  confequently  the  Refradions  ahke  ia  both,  itai^u^^that 
they  were  performed  according  to  fome  conJdant  Law»  without  any  Irregu- 

To  dftermine  the  feccnd  ^ery^  The  AnimadveFfor  refers  to  ^  Experi- 
ment made  with  two  Wedge-like  Boxes^  recited  in  the  Mi^^^by  of  the 
ingenious  Mr.  Hooky  Ohferv.  10.  Pdg.  73.  The  Defign  of  which  was  to  pro- 
duce all  G)lours  out  of  a  Mixture  pf  two.  But  there  is,  I  ccfhcdvfe,  a  dou* 
ble  Defeft  in  this  Inftance:  For  it  appears  not,  that 'by  this  Exlperimenc  all 
Colours  can  be  produced  out  of  two^  and  if  they  could,  yet  the  infefenCe 
would  not  follow. 

That  all  Colours  cannot  by  that  Experimeht  be  produced  out  of  two,  will 
appear  by  confidering,  that  the  Tinifture  of  Aloes,  which  afford  one  of  Choie 
Colours,  was  not  all  over  of  one  uniform  Colour,  but  appeared  Ydlow  nttir 
the  Edge  of  the  Box,  and  Red  at  other  Places  wliere  it  was  thicker ;  a^rdiiig 
all  Variety  of  Colours,  from  a  pale  Yellow  to  a  deep  Red  or  Scarlet, ^a(lcord* 
ing  to  the  various  Thicknefs  of  the  Li<}Uor.  And  fo  the  Solution  of  -Cop- 
per, which  afforded  the  other  Cotour,  Yras  of  various  BJues  and  Indicoes. 
So  that  inftead  of  two  Colours,  here  is  a  gpeac  Variety  made  ufe  of  for  the 
Produftion  of  all  others.  Thus,  for  Inftanee,.  to  produce  all  Sorts  of  Gfeens, 
the  fevcral  Degrees  of  Yellow  and  pale-Blue  muft  be  mix-d ;  but  Co  conspoond 
Purples,  the  Scarlet  and  deep  Blue  are  to  be  the  Ingredients. 

Now  if  the  Animadverfor  contend,  that  all  the  Reds  and  Yellows  of  the 
one  Liquor,  or  Blues  and  Indicoes  of  the  other,  are  only  various-Degrees  and 
Dilutings  of  the  fame  Colour^  and  not  divers  Colours  i  tiiat  is  a  begging  of 

the 
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the  QiJdUon :  And^I-ftotild  as  foon  grant,  timtthe  Tuvo  Tlunispr  Sixiiisin 
Mofick  are  botifcvcral  Degrees  of  tlie  fame  S©iind,  and  not  ifivers  Sounds. 
Certainly  it  is  much  better  tobdicre  our  Senfes,  informing  us,  :that  Red  and 
Ycftew  ^e  divers  Cotours;  and  to  naakeit  a  phUofophical  Q^ty^  Why  the 
&me  Liquor  doth^  according  to  its  various  Thicknete,  appear. of  thofe  dirers 
CotoofSi  than  to  fuppofc  them*  to  be  the  fame  Colonr,  bccaufe  exhibited  by 
the  fame  Liquora.  •  For  if  that  were  a  fufEcient  Rcafiw,  then  Blue  and  Yel- 
low muft  alfo  be  the  femeeolonr,  fince  they  are  both  exhibited  by  the  fame 
TinQore  of  Ncjuhritrc  Wood,  But  that  they  are  divers  Colours,  you  will 
more  fully  underftand  by  the  Reafon,  which  in  my  Judgment  is  this :  The 
Tindhire  of  Aloes-is  tjualified  to  tranfmit  inoft  eafily  the  Rays  endued  with 
Red,  moft  difficukly  the  Rays  endued  with  Violet,  and  with  intermediate 
Degrees  of  Facility,  the  Rays  endued  with  intermediate  Cdoncs,; .  So  that 
where  the  LiqtxDr  is  very  thin,  it  may  fuffice  to  intercept  moft  of  the  Violet^ 
and  yet  trafnliiit'moft  of  the  other  Colours ;  all  wliich  together  muft  com^ 
pound  a  middle  Colour^  that  is,  a  faint  Yellow^  And  where  it  is  ib  much 
thick^^  as  alio  to  bittencept  moft  of  the  Blue  atid  Gieeh,  the  remaihing<jreeQ, 
Yeilow,  and>Red,  muft  compound  an  Omnge*  And  where  the  Thicknefi  is 
{b  gr6at,  that&avce  any  Rays  can  pais  through  it  befides  tbdfe^ndu^d  with 
Red^  it  mtft  appear  :of  that  Coknir,  and  th^  So  much  the  deeper  and  eb- 
fcurer^  by  bow  much  the  Liquor  is  thicker.  And  the  £une  may  be  unde»- 
ilood  of  the  vacidus  Degrees  of  Blue,  exhibited  by  the  Solution  of  Copper, 
.by  Itafon  of  its  XXQ^ofitioti  to  intercept  Red  moft  eafily,  and  tranfmit  a  deep 
Wkst  orbidko  Goioor  moftfreely^  < 

But  ibppdSMg  that  Ktl  Oobucs  might,  ^xcconiing  to  jcfais  EiffpensDent,  be 

fYdd0lxd  out  of  tW)  by  Mixture;  yet  it  fc^ows  not,  that  thofe 'two  ape  the 

-obty  l»%inal  Celours  ;  and  that  for  a  double  Rea(bn :  FiHb,  3ecaiufe  cbofe 

two  are  not  themfelves  original  Colours,. but  ^compounded  of  others;  ther^ 

%(fJttgnb  Iji(5iK)irrnor.any  otte  in  Nature,  wnofe  Colour  in  Day-light 

is  whoUy  unconiponnded/   Ahdthen,  becaule  though  tfaiD&ritwo  were  origi- 

joAy  andall-othewm^^  be  compounded  of  thech,  yet  it  follows  nm  chat 

'they  casnot  be  otherwife  produced.     For  I  &id  that  they  had  'a  double  Oii- 

-gin,  the  &me 'Colours  to  Senic  being  in  fome:: Cafes  compounded^  and  m 

-<ifht*ts  tftic6mpatioded ;  and  fufficiently  declared  in  my  third  v^  fourth  Pro^ 

f^imij  and  in  the  Concbifion^  by  what  Properties  tte  one  might  be  known 

and  diAfinguifh'd  from  the  other.     But  becaufe  I  M^Qi  by  fome  Circum- 

ftancds,  that  the  Diftinftion  might  not  be  ri^tly  .apprehenckd,  I  ihall  once 

*5  declare  it,  and-fiirther  explain  it  .by£xamples. 

i«  Colour  is  Primary  or  Original,  which  cannot  i)y  any  Art  be  changed, 

^^i^t  Rjdys  are  alike  refrar^ible:  And  that'Compounded,   which  is 

igeable  .into»othcr  Colours,  and  whofe  Rays  are  not  alike  refrangible.  For 

A^ce:  ToknowwhethertheCdour  ofany  green  Obje6t' be  compounded 

flot,  view  it  throogli  a  Prilin;  -and  if  it  appear -coafitfcd,  and  the  Edges 

I     "id  wirh  Blue,   Yellow,  loriany  Variety* of  other  Colours,  then  is  that 

I     in  rompourtded  of  fuch  Co>ours  «  at  its  Edges  emerge  out  of  it :  But 

i    :  tt^ear  diftnjft,.  and  well  defined^  «and  wtirely  Green  to  the  very  Edges, 

without 
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without  any  other  Cblours  emerging,  it  Is  of  an  origrnaland  uncompounded 
Green.  In  like  manner,  if  a  refrafted  Beam  of  Light,  being  caft  on  a  white 
Wall,  exhibit  a  green  Colour^  to  know  whether  that  be  compounded,  refra^ 
the  Beztn  with  an  interpofcd  Prifm;  and  if' you  find  any  DifFormity  in  the 
Refraftioris,  and  the  Green  be  transformed  into  Blue,  Yellow,  or  any  Variety 
of  other  Colours,  you  may  conclude  that  it  was  compounded  of  thofe  that 
emerge:  But  if  the  Refraftions  be  uniform,  and  the  Green  perfift  without 
any  Change  of  Colour,  then  is  it  original  and  uncompounded, '  And  the 
Reafon  why  I  calt  it  fo  is,  becaufe  a  Green  endued  with  fuch  Properties  can- 
not be  produced  by  any  mixing  of  other  Colours. 

Now  if  two  green  Objefts  may  to  the  naked  Eye  appear  of  the  fame  Co- 
lour, and  yet  one  of  them  through  a  Prifm  feem  confufad  and  variegated  with 
other  Colours  at  the  Edges,  and  the  other  diftinft  and  entirely  green;  or  if 
there  may  be  two  Beams  of  Light,  which  falling  on  a  white  Wall,  do  to  the 
naked  Eye  exhibit  the  fame  green  Colour^  and  yet  one  of  them,  when  tranf- 
mitted  through  a  Prifm,  be  uniformly  and  regularly  refraded,  and  retain  its 
Colour  unchanged,  and  the  other  be  irregularly  refrafted,  and  made  to  di- 
varicate into  a  Multitude  of  other  Colours :  I  fuppofc  thefe  two  Greens  will 
in  both  Ca&s  be  granted  of  a  dilFerent  Origin  and  Conftitution.  And  if  by 
•mixing  Colours,  a  Green  cannot  be  compounded  with  the  Properties  of  the 
unciiangea-ble  Green,  L think  I  may  call  that  an  uncompounded  Colour,  efpe- 
cially  Once  its  Rays  are  alike  refrangible  and  uniform  in  all  RefpeAs. 

The.iameRule  is  to  be  obferved  in  examining  whether  Red,  Orange, 
Yellow,  Blue,  or  any  other  Colour,  be  compounded  or  not.  And,  by  the 
way,  fincc  all  white  Objefts  through  the  Prifm  appear  confufed  and  termi- 
nated with  Cok)urs,  Whitenefs  muft,  according  to  this  Dtftindion,  be  ever 
compounded,  and  that  the  mod  of  all  Colours,  becaufe  it  is  the  moft  con- 
fufed and  changed  by  Refradions. 

There  now  remains  the  third  Query  to  be  confidered,  which  is.  Whether 
Whitenefs  can  be  an  uniform  Colour,  or  a  diffimilar  Mixture  of  ail  Cblours  ? 
The  Experiment  which  I  brought  to  decide  it,  the  Animadverfor  thinks,  may 
be  othcrwife  explained^  and  fo  concludes  nothing.  But  he  might  eafily  have 
fatisfied  himfelf  by  trying  what  would  be  the  Refult  of  a  Mixture  of  all  Colours. 
And  that  very  Experiment  might  have  fatisfied  him,  if  he  had  pleafed  to  ex- 
amine it  by  the  various  Circumftances.  One  Ciitumftance  I  there  declared, 
of  which  I  fee  no  Notice  taken ;  and  it  is.  That  if  any  Colour  at  the  Lens 
be  intercepted,  the  Whitenefs  will  be  changed  into  other  Colours;  If  all 
the  Colours  but  Red  be  intercepted,  that  Red  alone  in  the  Concourfe  or 
eroding  of  the  Rays,  will  not  conftitutc  Whitenefs,  but  continues  as  much 
Red  as  before ;  and  foof  the  other  Colours.  So  that  the  Bufihefs  is  not  only 
to  ihew  how  Rays,  which  before  the  Concourfe  exhibit  Colours,  do  in  the 
Concourfe  exhibit  White;  but  to  Ihew,  how,  in  the  fame  Place,  where  thefe- 
veral  Sorts  of  Rays  apart  exhibit  feveral  Colours,  a  Confufion  of  all  t<^ther 
makes  White.  For  Inftance,  If  Red  alone  be  firft  tranfmitted  to  the  Paper  at 
the  Place  of  Concourfe,  and  then  the  other  Colours  be  let  fall  on  that  Red,  the 
Queftion  will  be.  Whether  they  convert  it  into  White  by  muting  with  it  only, 
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as  Bloe  falling  on  a  Tellow  Light  is  fuppoled  to  compound  Green  ?  Or  whe- 
ther there  be  fome  further  Change  wrought  in  the  Colours  by  theii*  mutual 
afting  on  one  another,  until,  like  contrary  peripatetic  ^ualitiesy  they  become 
affimilatcd  ?  And  he  that  fhall  explicate  this  laft  Cafe  mechanically,'  muft  con- 
quer a  double  Impoffibility,  He  muft  firft  fhew,  that  many  unlike  Motions 
in  a  Fluid  can  by  clafhing  fo  aft  on  one  another,  and  change  each  other,  as 
to  become  one  uniform  Motion ;  and  then,  that  an  uniform  Motion  .can  of 
itfelf,  without  any  new  unequal  Impreffions,  depart  into  a  great  VaHety  of 
Motions  regularly  unequal.  And  after  this  he  muft  further  tell  me,  why  all 
Objcfts  appear  not  of  the  fame  Colour ;  that  is,  why  their  Colour?  irt  the 
Air,  where  the  Rays  that  convey  them  every  Way  are  confufedly  mix'd,  do 
not  affimilate  one  another,  and  become  uniform  before  they  aitive^t  the 
Spcftator's  Eye  > 

But  if  there  be*  yet  any  doubting,  'tis  better  to  put  the  Event loii' further 
Circumftances  of  the  Experiment,  than  to  acquiefce  in  the  Pofflbflity.  of  any 
hypothetical  Explications  :  As  for  Inftance,-  by  trying  what  wrllHie  the  Appa- 
rition of  thefe  0)16tirj(  in  a  very  quick  Confecution  of  one  another. ' '  AnSd  this 
may  be  eafily  performed  by  the  rapid  Gyration  of  a  Wheel  wirh\many  Spokes 
or  Coggs  in  its  Perimeter,  whofe  Interftices  and  Thickneffes  may  be  equal, 
and  of  fuch  aLarg^efs,  that,  if  the  Wheel  be  interpofed  between  the  P^ilm 
and  the  white  Coacourfe  of  the  Colours,  one  half  of  the  Colour^  n^ay  be  in- 
tercepted by  f  Spoke  or  Cogg,  and  the  other  half  pafi  through  ^^  Imirftice. 
The  Wheel  being  in  this  Pofturc,  yoti  may  firft  torn  it  (lowly  aboiut,  to  fee 
all  the  Colours  fall  lucceflively  on  the  fame  Place  of  the  Paper,  held  at  their 
aforefaid  Concourfe ;  and  if  you  then  accelerate  its  Gyration,  until  (he  Confe- 
curion  of  thofc  Colours  be  fo  quick,  that  you  cannot  diftinguiih  them  fevc- 
railfyy  the  refiilting  Cofour  will  be  a  Whitcnefs  perfeftly  like  that,  .which  an 
tmiefrafted  Beam  of  Light  exhibits,  when  in  like  manner  fucceffively  inter- 
rupted by  the  Spokes  or  Coggs  of  that  circulating  Wheel.  And  that  this 
Whitcnefs  is  produced  by  a  fucceffive  Intermixture  of  the  Colours,  without 
their  being  affimilated,  or  reduced  to  any  Uniformity,  is  certainly  beyond 
all  Doubt,  unlefs  Things  that  exift  not  at  the  fame  Time,  may  notwithftand- 
ing  aft  on  one  another.  ^ 

There  are  yet  crher  Circumftances,  by  which  the  Truth  might  have  beeh 
decided  ;  as  by  viewing  the  white  Concourfe  of  the  Colours  through  another 
Prifm  placed  ctofe  to  the  Eye,  by  whofe  RefradKon  that  Whitcnefs  may  ap- 
pear again  transformed  into  Colours :  And  then,  to  examine  their  Origin,  if 
r-  Afliftant  intercept  any  of  the  Colours  at  the  Lens  before  their  Arrival  at  the 

hitenefs,  the  fame  Colours  will  vanifh  from  amongft  thofb,.  into  which  that 

hitenefs  is  converted  by  the  Iccond  Prifm.  Now»  if  the  Rays  which  difap. 
]  ir  be  the  fame  with  thofe  that  are  intercepted,  then  it  muft  be  acknowkdg- 
(  that  the  fecond  Prifm  makes  no  new  Colours  in  any  Rays,  which  were 
I  jt  in  them  before  their  Concourfe  at  the  Paper.  Which  is  a  plain  Indication, 
t  »at  the  Rays  of  fcveral  Colours  remain  diftinft  from  one  another  in  the  White- 
I  £,  and  that  from  their  previous  Difpofitions  are  derived  the  Colours  of  the 

fecond 


feoondPrifm.  And,  by  Ac  Way,  what  ia  faid  of  thcijr  .Colourt  may-hft 
applied  pQ  their  Refrangtbility.  ...1        .    . 

The  aforefajd  Wheel  may  alfo  liere  be  made  ufe  of;  and,  If  its  Gyration  he 
neither  too  quick  nor  too  flow,  the  Succefljon  of  the  Colours  tnay  be  diicern'cj 
t  W  the  Prtfai,  whilft  to  the  naked  Eye  of  a  By*ftander  they  exhibit  Whitencls, 

,  There  is  fowthing  ftill  remaining  to  be  faid  of  thi$Exper indent.  But  this, 
I  conceiv^,,  is  enough  to  enforce  it,  and  fo  to  decide  the  Controverfy.  Hovr* 
ever,  I  ihall  now  proceed  to  fliew  forae  other  Ways  of  producing  Whitcneli 
by  Mixtures,  fince  I  perfuade  myfelf,  that  this  Aflertion  above  the  rpft  90^ 
pears  parado.xical,  and  is  with  moft  .Difficulty  admitted.  Andbecaufe  t^ 
Animadveribr  defires  an  Inftance  of  it  in  Bodies  of  divers  Colours^  J  (i^il 
begin  with  that.  But  in  order  thereto  it  muft  be  confidec^d,  that.fiw;h  cof 
lour*d  Bodies  refleft  but  fome  Part  of  the  Light  incfdenton  theqn^  ^%  iscLvj^ 
dent.  b"^.. the  ipb  PropfifUio»:  And  cherefore  the  Light  r£ae(3;ed  from  an 
Aggregate  of  them  will  be  much  weakened  by  the  I^qfs  oF'nwfly  Kay^ 
Whence  f.^rfc<3:  and  intenfe  Whitenefs  is  notio  be.  f?)q^^(3;ed,  but  rather  4 
Colour  i>Bt\y.een  tHofe  of  Light  and  Shadow,  or  fucjx  a.Grey  or  dirty  .Colour 
as  may  be  made  by  mixiiig  White  and  Black  together, 

!  And  that  ^ch  a  Colocir  will  relblc,  may  be  collefted  from  the  Colopr  x)f 
thift  found  in  every  Corner  of  an  HouTe^  which  hath  been  obferv*d'  to^coi> 
iiii  0}  ^nany  coloured  Particles,  There  may  alfo  be  produ<?ed  the  like  dirty 
Cotou/^.ty  ininng  fcveral  Painters  Coipurs  together.  And. the  fame pwy  bf 
i;flfe(fled  %  painting  a  Top  (fuch  as  Bojis  play  with)  of  divjers  Colours.  '  ^qr 
^hen  it  is  made  ,to  circulate  by  whipfaqg  ic^  i;t  willapjpear  of  fuch.  a  4Ir(y 
QJonr.,    .  :      '        ,  ... 

.  NoivVAe  compounding  of  thefe  Colours  is  prxjper  to  xny  Purpofe,  hecaui? 
l;hey  differ  iiot  trom  WHtenefs  in  the,  %)ecies  of  CplQuf,  but  wly  iq  a  De- 
cree of  Luminoufneis :  Whicia  (did  ,not  the  ./Inimadverfbr  ooncede  it)  | 
anight  thus  evince.  A  Beam  of  the  Sun's  Light  being,  traofmitted  into  a  darkr 
fned  Room,  if  you  illuminate  a  Sheef  of  white  Paper  by  that  Light,  reflected 
ifrom  a  Body  of  any  Colour,  the  Paper  will  always  appear  of  the  Colour  of 
that  Body,  by  whofe  reflcfted  Light  it  is  illuminated.  If  it  be  ^  Red  Body, 
the  Paper  will  be  Red  ;  if  a  Green  Body,  it  will  be  Green ;  and  fo  of  the 
jothtv  Colours.  The  Reafon  is,  that  the  Fibres  or  Threads,  of  which  the 
jP^per  conOlh,  are  all  tran^arentand  fpecular  ^  and  fuch  Subflances.are  knowf^i 
to  reflect  Colours  without  changing  them.  To  know,  therefore,  to  what 
Species  of  Coloiu  a  Grey  belongs,  place  any  Grey  Body  (fuppofe  a  Mixture. 
jof  Painters  Coburs)  in  the  iaid  Light,  and  the  Paper  being  illuminated  by  it3 
JRefledtion,  fha  11  appear  White.  And  the  fame  Thing  will  happen,  if  it  be 
illuminated  by  Refleftion  from  a  Black  Subftance. 

.  Thefe  therefore  are  all  of  one  Species;  but  yet  they  feem  diftinguilh'd  not 
^nly  by  Degrees  of  Luminoufnefs,  but  alfo  by  fame  other  Inequalities,  whereby 
they  become  more  harlfa  or  pleaiant.  And  the  Diliindion  Teems  to  be,  that 
Grey^  and  perhaps  Blacks,  are  made  by  an  uneven  Defed  of  Light,  confiding 
as  it  were  of  many  little  Veins  or  Streams,  which  differ  either  in  Luminoufnels, 
or  in  the  unequal  Diftribution  of  diverfly  coloured  Rays ;  fuch  as  ought  to  be 

caufed 
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caufed  by  Refleftion  from  a  Mixture  of  White  and  Black,  or  of  diverfty 
ooloored  Corpufcles.  But  when  fuch  imperfedly  mix*d  Light  is  by  a  fecond 
Refle&ion  from  the  Paper  more  evenly  and  uniformly  blended,  it  becomes 
more  plcalant,  and  exhibits  a  faint  or  ftadowed  Whitenefs.  And  that  fuch 
little  Irregularities  as  thefe  may  caufe  thefe  Differences,  is  not  improbable,  if 
wc  confidcr,  how  much  Variety  may  be  caufed  in  Sounds  of  the  fame  Tone, 
by  irregular  and  uneven  Jarrings.  And  befides,  thofe  Diflferences  are  fo  little, 
dlat  I  have  fometimes  doubted,  whether  they  be  any  at  all,  when  I  have  con- 
ftdered,  that  a  Qlack  and  White  Body  being  placed  together,  the  one  in  a 
ibt)og  Light,  and  the  other  in  a  very  faint  Light,  fo  proportioned  that  they 
m^ht  appear  equally  luminous,  it  has  been  difficult  to  diftinguifii  them^ 
when  viewed  at  Diftance,  unlefs  when  the  Black  feemed  more  Bluifb,  and 
the  White  Body  in  a  Light  ftill  fainter,  hath,  in  Comparifon  of  the  Black 
fiody,  itfelf  appeared  Black. 

This  leads  me  to  another  Way  of  compounding  Whitenefi;  which  is, 
that,  if  four  or  five  Bodies  of  the  more  eminent  Colours,  or  a  Paper  painted 
all  over  in  feveral  Parts  of  it  with  thofe  feveral  Colours  in  a  due  Proportion, 
be  placed  in  the  faid  Beam  of  Light,  the  Light  reflcfted  from  thofe  Colours 
to  another  White  Paper,  held  at  a  convenient  Diftance^  (hall  make  that  Pa- 
per appear  White.  If  it  be  held  too  near  the  Colours,  its  Parts  will  feeni 
of  thofe  Colours  that  are  neareft  them ;  but  by  removing  it  further,  that  all 
its  Parts  may  be  equally  illuminated  by  all  the  Colours,  they  will  be  more  and 
more  diluted,  until  they  become  perfcftly  White.  And  you  may  further  ob- 
ferve,  that  if  any  of  the  Colours  be  intercepted,  the  Paper  will  no  longer 
appear  White,  but  of  the  other  Colours  which  arc  not  intercepted.  Now 
that  this  Whitenefs  is  a  Mixture  of  the  feverally  coloured  Rays,  falling  con- 
fbfedJy  on  the  Paper,  I  fee  no  reafon  to  doubt;  becaufe,  if  the  Light 
becaoie  uniform  and  flmilar  before  it  fell  confufedjy  on  the  Paper,  it  muil 
much  more  be  uniform^  when  at  greater  Diftance  it  falls  on  the  Spectator's 
Eye  }  andTo  the  Rays,  which  come  from  feveral  Colours,  would  in  no  Qua- 
lities differ  from  one  another,  but  ail  of  them  exhibit  the  fame  Colour  to  the 
Speftator,  contrary  to  what  he  fees. 

Not  much  unlike  thislnftance  it  is,  that  if  a  polilh'd  Piece  of  Metal  be 
ib  placed,  that  the  Colours  appear  in  it  as  in  a  Looking-Glafs,  and  then  the 
Metal  be  made  rough,  that  by  a  confufed  Refleftion  thofe  apparent  Colours 
may  be  blended  together,  they  ihall  difappear,  and  by  their  Mixture  caufe 
the  Metal  to  look  White.    • 

But  further  to  enforce  this  Experiment :  If  inftead  of  the  Paper,  any  White 
1  >th,  confifting  of  fmall  Bubbles,  be  illuminated  by  Refleftion  from  the  afore- 
1  I  Colours,  it  Ihall  to  the  naked  Eye  feem  White,  jtnd  yet  through  a  good 
I  kroicope  the  feveral  Colours  will  appear  diftinft  on  the  Bubbles,  as  if  feen 
I  Rcfledtion  from  fo  many  fpherical  Surfaces.  With  my  naked  Eye,  being 
1  ry  near,  I  have  alfo  difcerned  the  feveral  Colours  on  each  Bubble ;  and 
y  t  at  a  greater  Difbnce,  where  I  could  not  diftinguilh  them  apart,  the  Froth 
b  di  appeared  entirely  White.  And  at  the  fame  Diftance,  when  I  looked  in- 
u  Jtly,  I  have  feen  the  Colours  diftinftly  on  each  Bubble  -,  and  yet  by  ftraining 
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my  Eyes,  as  if  I  would  lookat  fpm^thingf  afar  off  bcyoml  thetit;  thereby  to 
fender  chcVifion  confufcd,  theFrorh  ha«  appeared  without  any  other  GoJoar 
ihan  Whican^fs.  And  whae  is  here  faid  of  Froths,  n^ayeafily  beunderftood 
of  the  Paper,  or  Metal,  in  the  foregoing  Experiments.  For  their  Parts  arc 
fpecular  Bodies,  hke  th^fe  Bubbles ;  and  perhaps  with  an  excellent  Miaofcope 
the  Colours  may  alio  be  fcen  intermixed ly  reflefted  from  them. 

In  proportioning  the  feveral  colour'd  Bodies  tt)  produce  thefc  Effe£b,  there 
may  be  fome  Nlcepefs ;  and  it  will  be  more  convenient  to  make  ufe  of.the 
Colours  of  the  Prifm,  caft  on  a  Wall,  by  whofe  Reflcdkion,  the  Paper,  Me-. 
tal,  Freth,  and  other  white  Subftances  may  be  iiluminated.  And  I  ufaally 
made  my  Trials  this  Way,  becaufe  I  could  better  exclude  any  fcatteriog  Ljght 
from  mixing  with  the  Colours  to  dilute  them. 

To  this  Way  of  compounding  Whitencfa  may  be  referred  that  other,  by 
mixing  Light  after  it  hath  been  trajefled  through  tranfparently  colour'd  Subi 
ilances.  For  Inftance,  if  no  Light  be  admitted  into  a  Room^  but  only  through 
coloured  Glafe,  whpfe  feveral  Parts  are  of  feveral  Colours  in  a  pretty  equal 
{Proportion  ;  all  white  Things  in  the  Room  (hall  appear  White,  it  they  be  noc 
heki  too  near  the  Glafs :  And  yet  this  Light,  wii;h  which  they  are  illuminated^ 
cannot  poflibly  be  uniform ;  becaufe,  if  the  Ray$,  which  at  their  Entraqce 
are  of  divers  Colours,  do.  in  their  Progreis  through  the  Room  fuffer  any  Ai-r 
relation  to  be  reduced  to  an  Uniformity,  the  GIa£i  would  not  in  the  remoteft 
Parts  of  the  Room  appear  of  the  Vbry  fatne  Colour,  which  it  doth  when  the 
Speftator's  Eye  is  very  near  it :  Nor  would  the  Rays,  when  tranfmitted  into 
another  dark  Room  through  a  little  Hole  in  an  oppofite  Door  or  Partitioa^ 
Wall,  projed  on  a  Paper  the  Species  cir  Reprefentation  of  the  Glais  in  its 
proper  Colours. 

And,  by  the  by,  this  feems  a  very  fit  and  cogent  Inftance  of  fome  odier 
Parts  of  my  Tbe/^rjUj  and  particularly  of  the  igdi  Propj/kion.  For  in.  this 
Room  aU  natural  Bodies  whatever  appear  in  their  proper  Coburs.  And  aU 
the  Phscnomena  of  Colours  in  Nature,  made  either  by  Refradlion  br  without 
it,  are  here  the  fame  as  in  the  open  Air.  Now  the  Light  in  this  Room  be«% 
ing  fuch  a  diflimi:Iar  Mixture,  as  I  have  defcribed  in  my  5?2y^rjf,  the  Cau&&  of 
all  thefe  Phaenomena  inuft  be  the  &fne  that  I  have  here  afi3gned.  And  I  fee 
no  reafon  to  fufpeA,  that  the  fame  Phaenoaiena  ihould  have  other  Cauies  in 
the  open  Air. 

The  Succefs  of  this  Experinoent  may  be  eafily  conjedhired  bf  the  Ap«. 
pearances  of  Things  in  a  Church  or  Chapel,  whofe^  Windows  are  of  co«. 
lour'd  Gla& ;  or  in  the  open  Air»  when  it  is  illu£bafied  with  Cbuds  of  va* 
rious  Colours. 

There  are  yet  other  Ways  by  which  I  have  produced  Wkitenefs.;  as  by  caflw 
ing  feveral  Colours  from  two  or  more  Prifms  upon  the  fame  Place  \  by  refiradu 
ing  a  Beam  of  Light  with  t^ivo  or  three  Prifbis  fuccefiively,  to  aoake  the  di- 
verging Colonics  converge  again ;  by  refledling  one  Colour  to.  another^  anck 
by  looking  through  a  Prifm  on  an  Objedl  of  many  Colours ;  and  (which  is 
equivalent  to  theabove>meniHoned  Way  of  mixing  Colour  by  concave  Wedges. 
filled  wich  coloqred  Liquors)  I  have  obfenred  the  Shadows  o£  a  painted  Glais-^ 
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Window  to  become  Wlnte,  where  (hofe  of  mzhy  Cotouis  liive  at  a  great 
Diflance  interfered.  But  yet  for  further  Satisfadtion^  the  Animadverfor  may 
ny,  if  he  pleafe,  the  EfFedbof  foUr  or  five  fuch  Wedges  filled  with  Liquors 
6f  as  many  feveral  Colours. 

Befides  all  thcfe,  the  Colours  of  Water-bubbles,  and  other  thin  pellucid  Sub- 
fiancea,  afford  feveral  Inftanee^of  Whitetiefs  produced  by  their  Mixture ;  with 
one  of  which  I  (hall  coriclude  this  Particular4  Ltt  fome  Water,  in  which  a 
coisvcnienic  Q^ntity  of  Soap  .or  Wafliball  is  diflolvy ,  be  agitated  into  Froth, 
at)d  after  that  Froth  has  flood  a  while  without  further  Agitation,  'till  you  fee 
the  Bubbles,  of  which  it  cfonfifts,  begin  to  break,  therfc  Will  appear  a  great 
Variety  of  Colours. all  ovettbe:Xop  of  every:  Bubble,  if  you  view  them  ncai- 
at  band  ;  but  if  you  view  theofi  at  fo  great.a.Dlftance  that  you  cannot  diftin* 
gMiIh  the  Cotours  one  from  another,  the  Froth  will  appear  perfedly  White. 

Thus  much  concealing  thieX)erign  and  Subfta«ce  of  the -Animadverfor's 
ConfiddradaHs.  There  arc  yet  fome  Particulars  to  be  taken  Jtotice  of,  before 
I  conclude;  as  the  Denial  of  ^i  Exptrimentum  Cruets.  On  this  I  chofe  to 
lay  the  whole  Strifsof  my  Difcourfe ;  which  therefore  was  the  principal  Thing 
U>  have  been  objcuaed  agaiaft>:.But  I  cannot  be  convinced  6f  its  lAfumciency  by 
a  bare  Denial,  ^^without  alfigmng  a  Reafon  for  it.  I  am  apt  fo  beKeve  it  has 
been mifondcrftood ;  for  otherwife  it  would  have  prevented  the  Difoourfes  a^ 
boot  rarefying  and  fplitting  dfRftys;  becauie  theDefignof  it  is  tofhew^  th^ 
Rays  of  divers  Colours  confidered  apart,  do  ac  equal  Inddence^  fafier  unequal 
Jletradions,  without  being. fplk,  rarefied,  ot  any  ways  dilat^l* 

VI.  I.  Mcthmks  that  the  moft  important  Objedion  which  is  made  z^n^Smec^jiJera^ 
Mr.  Newkm  by  way  of  Query,  is  that.  Whether  there  be  more  than  two  fofts'^'S,"^y  c'- 
of  Colours?  For  my  part,  I  believe,  that  ao  Hypothefis,  that  Ihould  explain'**'/ jA^" 
Mechanically,  and  by  the  Nature  of  Motion,  the  Colours  Yellow,  Green,  and  N?96.^6o76." 
Blue,  ivould  be  fufiicient  for  all  the  reft,  in  regard  thofe  others,  being  onlyJ«'y»  An.  1673. 
more  deeply  charged,  (as  appears  by  the  Prifms  of  Mr.  Hsok)  do  produce  thd 
dark  or  deep  Red  and  Blue ;  and  that  of  thefe  fouf  all  the  other  Colours  may 
be  compounded.    Neither  do  I  fee  why  Mr.  Newton  doth  not  content  him- 
felf  with  the  two  Colours,  Yellow  and  Blue ;  for  it  will  be  much  more  cafy 
10  find  any  Hypothefis  by  Motion,  that  may  explicate  thefe  two  Difierenccs, 
than  fbrfo  manyDiverficics  as  there  are  of  other  Colours.    And  'till  he  hath 
found  this  Hypothefis,  he  hath  not  taught  us,   what  it  is  wherein  confifts 
the  Nature  and  Difference  of  Colours,  but  only  this  Accident  (which  cer- 
lioly  is  very  confidcrablc)  of  their  different  Refrangihility. 
As  for  the  Compofition  of  White  made  by  all  the  Colours  together,  it  may 
r>ffibly  be,  that  Yellow  and  Blue  might  alfo  be  fufficient  for  that:  Which  is 
-'orth  while  to  try ;  and  it  may  be  done  by  the  Experiment  which  Mr.  Newton 
opofoth,  by  receiving  againft  a  Wall  of  a  darkened  Room  the  Colours  of 
e  Prifm,  and  to  caft  their  reficfted  Light  upon  White  Paper.     Here  you 
ift  hinder  the  Colours  of  the  Extremities,  viz.  the  Red  and  Purple,  from 
riking  againft  the  Wall,  and  leave  only  the  intermediate  Colours,  Yellow, 
^eeri,  and  Blue>  to  fee  whether  the  Light  of  thefe  alone  would  not  make  the 
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Paper  appear  White,  as  well  as  when  they  all  gave  Light.    I  even  doubt, 
whether  the  Hghteft  Place  of  the  Yellow  Colour  may  not  all  alone  produce 
that  EfFeft,  and  I  mean  to  try  it  at  the  firft  Conveniency  5  for  this  Thought 
never  came  into  my  Mind  but  juft  now.     Mean  time  you  may  fee,  that  if 
thefe  Experiments  do  fucceed,  it  can  no  more  befaid,  that  all  the  Colours  are 
neceffary  to  compound  White,  and  that 'tis  very  probable,  that  all  the  reft  arc 
nothing  but  Degrees  of  Yellow  and  Blue,  more  or  lefs  charged. 
jrfrvmdiy         2.  It  fcems  to  me,  that  iVI  takes  an  improper  Way  of  exaniining  the  N'a- 
Mr.  Newton,    ^y^c  of  Colours^  whilft  he  proceeds  upon  compounding  thofc  th^t  are  already 
Aug/AL.1673.  compounded.     Perhaps  he  would  fooncr  fatisfy  himfelf  by  refolviog  Light 
into  Colours,  as  far  as  may  be  done  by  Art,  and  then  by  examining  the  Pro- 
perties of  thofe  Colours  apart,  and  afterwards  by  trying  the  EfFcfts  of  re-oon- 
joining  two  Of  more,  or  all  of  thofe ;  and  laftly,  by  feparating  them  again,*  tg 
examine  what  Changes  that  Re-conjunftion  had  wrought  in  them.     I  have 
formerly  fliewn,  That  all  Colours  cannot  pradbically  be  derlv'd  out  of  the 
Yellow  and  Blue,  and  confequently  that  thofe.  Hypotbefcs:  are  groundlefa, 
.which  imply  they  may.     If  you  afK,  what  Colours  cannot  be  delved  out  oif 
Yellow  and  Blue  ?  I  anfwcr,  Noiie  of  thofe  which  I  defined  to^  be  Original  i 
and  if  he  can  Ihew  by  Experiment  how  they  may,  I  will  acknowledge  my- 
felf  in  an  Error.     Nor  is  it  eafier  to  frame  an  Hypothefis  by  afluming  only- 
two  original  Colours,  rather  than  an  indefinite  Variety ;  uniefs  it  be  eafier  to 
fuppofe  that  there  are  but  two  Figures,  Sizes,  and  Degrees  of  Velocity,  or 
Force  of  the  Ethereal  Corpufcles  or  Pulfcs,  rather  than  an  indefinite  Varie- 
ty ;  which  certainly  would  be  a  harfh  Suppofition.     No  Man  wonders  at  the 
indefinite  Variety  of  Waves  of  the  Sea,  or  of  Sands  on  the  Shore ;  but,  were 
they  all  but  two  Sizes,  it  would  be  a  very  puzzling  Phasnomenon.     And  I 
ftould  think  it  as  unaccountable,  if  the  feveral  Parts  or  Corpufcles,  of  which 
a  fhining  Body  confifts,  which  muft  be  fuppofed  of  various  Figures,  Sizes, 
and  Motions,  Ihould  imprefs  but  two  Sorts  of  Motion  on  the  adjacent  iEthe- 
real  Medium,  or  any  other  Way  beget  but  two  Sorts  of  Rays.  But  to  examine 
how  Colours  may  be  explained  hypothetically,  is  befide  my  Purpofe.    I  ne- 
ver intended  to  fliew  wherein  confifts  the  Nature  and  Diflferenceof  Colours, 
but  only  to  (hew,  that  defaiio  they  are  original  and  immutable  Qualities  of 
.the  Rays  which  exhibit  chem;  and  to  leave  it  to  others  to  explicate  by  me- 
chanical Hypothefes,  the  Nature  and  Difference  of  thefe  Qualities;  which  I 
take  to  be  no  difficult  Matter.     But  I  would  not  be  underftood,  as  if  their 
•  Difference  confifted  in  the  different  Refrangibility  of  thofe  Rays ;  for  that 
different  RefrangibilUy  conduces  to  their  Prcduftion  no  otherwife,  than  by  fe- 
parating  the  Rays  whofc  Qualities  they  are.     Whence  it  is.  That  the  fame 
Rays  exhibit  the  fame  Colours  when  feparated  by  any  other  Means  ^  as  by 
their  different  Refiexibility^  a  Quality  not  yet  difcourfcd  of. 

In  the  next  Particular,  where  iV.  would  (hew,  that  it  is.  not  neceffary  to 
mix  all  Colours  for  the  Produdion  of  White ;  the  Mixture  of  Yeltow, 
Green  and  Blue,  without  Red  and  Violet,  which  he  propounds  for  that  End, 
will  not  produce  White,  but  Green  -,  and  the  brighteft  Part  of  the  Ycltow 
will  afford  no  other  Colour  but  Yellow,  if  the  Experiment  be  made  in  a 
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Room  wtll  darkened,  as  it  ougHti  bccaufc  the  coloured  Light  is  much 
weakened  by  the  Rcfleftion,  and  fo  apt  to  be  diluted  by  the  mixing  of  any 
other  fcattering  Light.  But  yet  there  is  an  Experiment  or  two  formerly 
mentioned,  by  which  I  have  produced  White  oiit  of-two  Colours  alone,  and 
that  varioofly  ;  as  oat:of  Orange  and  a  full  Blue,  and  out  of  Red  and  a  pale 
Blue,  and  out  of  Yellow  and  Violet^  ^  alfo  out  of  other  Pairs  of  interme- 
diate Colours.  The  moft  convenient  Experiment  for  performing  this,  was 
that  of  calling  the  Colours  of  one  Prifm  upon  thofe  of^another,  after  a  due 
Manner.  But  what  N.  can  deduce  from  hence,  I  fee  not ;  for  the  two  Co- 
lours were  compounded  of  all  others^  and  fo  the  refiilting  White  (toipeak 
properly)  was  conripounded  of  them  all,  and  only  decompounded  of  thofe 
two.  For  Inftance,  the  Orange  was  compounded  of  Red,  Orange,  Ycl- 
k>w,.andfome  Green;  and  the  Blue,  of  Violet,  full  Blue,  light  Blue,  and 
feme  Green,  with  all  their  intermediate  Degrees;  and  confcqucntly  the 
Orange  and  Blue  together  made  an  Aggregate  of  all  Colours  to  confthute  the 
White.  Thus  if  one  mix  Red,  Orange,  and  Yellow  Powders  to  make  an 
Orange;  and  Green,  Blue  and  Violet  Colours  to. make  a  Blue;  and  laftly, 
the  two  Mixtures  to  make  a  Grey ;  that  Grey,  though  decompounded  of  no 
more  than  two  Mixtures,  is  yet  compounded  of  allthc  fix  Powders^  as  truly 
as  if  the  Powders  had  been  all  mixed  at  once. 

This  is  fo  plain,  that  I  conceive  there  can  be  no  further  Scruple;  efpeci- 
ally  to  them  who  know  how  to  examine,  whether  a  Cobur  be  fimple  or  coni- 
pounded,  and  of  what  Colours  it  is  compounded ;  which  having  explained 
in  another  Place,  I  need  not  now  repeat.  If  therefore  N.  would  conclude 
any  Thing,  he  mufl  lhe,w  how  White  may  be  produced  out  of  two  ^imcom* 
pounded  Colours :  Which  when  he  hath  done,  I  will  farther  tell  him^  why 
he  can  conclude  nothing  from  that.  But  I  believe  there  cannot  be  .found  an 
Experiment  of  that  Kind  ;  becaufe,  as  I  remember,  I  once  try'di  by  grai 
dual  Succefllon,  the  Mixture  of  all  Pairs  of  uncompounded  Coloun;  and 
though  fome  of  them  were  paler,  and  neacer  to  White  than  others,  yet  none 
could  be  truly  called  White.  But  it  being  fome  Years  fince  this  Trial  was 
made,  I  remember  not  well  the  Circumftances,  and  therefore  recommend  it 
to  others  to  be  tried  again. 

3,  Seeing  that  Mr.  Newton  maintains  his  Opinion  with  fo  much  Concern,  •^*<^4'>  h 
I  lift  not  to  difpute.     But  what  means  it,    I  pray,  that  he  faith.  Though  /n^'J^!'^.  el,,. 
Jbouldftiew  bim^  that  the  Winte  could  be  produced  only  of  two  uncompounded 
Colours^  yet  I  could  conclude  nothing  from  that  ?  And  yet  he  hath  affirmed,  that 
ti     3mpofe  the  White,  all  primitive  Colours  are  neceflary, 

»  In  my  faying,  that  when  Monfieur  N.  hath  fhewn  how  White  may  bejUftmrU,  h^ 
p    Jtued  out  of  two  uncompounded  Colours^  I  will. tell  him^  why  he  can  conclude^^'^^^^^ 
n    bingfrom  that ;  my  Meaning  was.  That  fuch  a  White  (were  there  any  fuch)  July,  An.  1673. 
1    jkl  have  different  Properties  from  the  White  which  I  had  refpeft  to,  when 
I    Tfcribcd  my  Theory^  that  is,  from  the  White  of  the  Sun's  immediate  Light, 
o;    he  ordinary  Objefts  of  our  Senfcs,  and  of  all  white  Phenomena  that  have 
h    lerto  fallen  under  my  Obfervation.     And  thofe  different  Properties  would 
CI    ice  it  to  be  of  a  different  ConfUtution :.  Infomuch,  that  fuch  a  ProdudUon 
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of  White  would  be  ib  far  from  concradifting,  that  it  would  rather  illaftntt 
and  confirm  my  Theory ;  becaufc  by  the  DiJfcftncc  of  that  from  other  Whites, 
it  would  appear,  that  other  Whites  are  not  compounded  of  only  two  Colours 
like  that.-:  And  thercfbce  if  Monfieur  N.  would  prove  any  Thing,  it  is  requit 
(ite  thar  he  do  not  only  produce  out  of  two  primitive  Colours  a  Whiter 
which  to  the  naked  Eye  fliall  appear  like  other  Whites^'bac  alfo  (hail  agree 
with  them  in  all  other  Properties.  .:..'/ 

But  to  let  you  underftand  wherein  fuch  a  White  would  diflFer  from  other 
Whites,  and  why  from  thence  it  would  follow  that  other  Whites  are  ocher* 
wife  compounded,  I  (ha^l  lay  down  thisPo&ion.  ..  ^  :     .1 

That' a  comfaunded  Colour  can  be  refahedinto  no  more Jtm fie  Colottrs  than 
tboje  of  w^kuh  it  is  confounded.  '      •  • 

-This  ftems  to  be  fclf-evident,  and  I  have  alfo  tried  it  fcveral  Ways,  .and 
F/ff.  76..  particularly  by  this  which  follows :  Let  a.  rcprefcnt  an  dblong  Piece  oOWhite 
Paper- about  -^  or  J  of  an  Inch  broad,  and  illuminated  in  a  darlc  Room,  wit!l 
at  Mixture  d  two  Colours  call  upon  it  froto  twoPrifms,  fuppofe  a  deep  Blue 
and  Scsrlety  which  muft  feverally  be  as  uncompouoded  as  they  can  conveni^ 
ently  be  made ;  then,  at  a  convenient  Diflance,  fuppofe  of  fix  or  eight  Yards^ 
view  it  through  a  dear  Triangular  Gl«6:  or  Cry ftal  Prifm  held  parallotto  the 
Paper,  and  you  fhall  fee  the  two  Colours  parted  from  one  another  in  the  Fa* 
fliiori  of  two  Images  of  the  Paper^  ai  they  ate  rcprefcnted  at  ^  aod  y.-p  where 
fuppofe  0  the  Scarlet,  and  y  the  Blue,  without  Gtten^  or  any  other  .Colouc 

•  between  them. 

Now  from  the  aforc&id  Pofition  I  deduce  thefe  two  Conclufions ;  i.  That  if 
there  were  found  out  a  Way  to  compound  White  oC  two  fimpk  Colours  on* 
Yfy  tbaii  White  would  be  again  refblvable  into  no  more  than  two.  2.  Thae 
if  other  Whioes,  as  that  of  the  Sun's  Light,  &r.  be  leiblvable  into  more  chad 
two  finiplb  Colours  (as  I  find  by  Experiment  that  they  are)  then  they  mull 
be  compoEKided  of  more  than  two. 

To  make  this  plainer,  fuppofe  that  A  reprefents  a  white  Body,  illumma- 
ted  by  a  direft  Beam  of  the  Sun  tranfmitted  through  a  fmall  Hole  into  a 
dark  JRoonv  and  «  fuch  another  Body,  illuminated  by  a  Mixture  of  two 
fimple  Colours  5  which,  if  poflible,  may  make  it  alfo  appear  of  a  white  Co* 
lour  cxaftfy  like  A:  Then^  at  a  convenient  Diftance,  view  thefe  two  Whites  • 
through  a  Prifm,  and  A  will  be  changed  into  a  Series  of  all  Colours,  Rod, 
Yellow,  Green,  Blue,  Purple,  with  their  intermediate  Degrees  fucceeding  in 
Order  6om  B  to  C.  But  o^  according  to  the  aforefaid  Experiment,  will  on* 
ly  yield  thofe  two  Colours  of  which  it  was  compounded,  and  thofc  not  con- 
terounate  like  the  Colours  at  B  C,  but  feparate  from  one  another,  as  at  ^  and 
7^  hf  means  of  the  dif&rent  Refrangibility  of  the  Rays  to  which^they  befcmg. 
And  thua  by  comparing  thefe  two  Whites,  they  would  appear  to  be  of  a 
different  Conftitudon,  and  A  to  confift  of  more  Colours  than  a.  So  thac 
what  Monfieur  iV.  contends,  for,  would  rather  advance  my  Theory  by  the 

*  Accef&  of  a  new  Kind  of  White,  than  conclude  againft  it.    But  I  fi^  no 
Hopes. of  compoooding  fuch  a  White. 
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As  for  Monfieur  }\r.  his  Expreffion,  That  I  maintain  my  Do£frinem%fme 
Conctrn^  I  confefi  it  was  a  little  ungrateful  to  rae,  to  meet  with  ObjeftionS 
which  had  been  anfwered  before,  without  having  the  leaft  Reafon  given  mc 
why  thofe  Anfwers  were  infufiicient.  Thofe  Anfwcrs  were  to  ftcw,  thatra.  Sappi./, 
there  are  other  finriple  Colours  befides  Blue  and  Yellow ;  I  inftanced  in  a  fim-  '49>  *  <«*i- 
pic  or  homogeneal  Green,  fuch  as  cannot  be  made  by  mixing  Blue  and  Yellow, 
or  any  other  Colours.  And  I  alfo  (hew*d  why,  fuppofing  that  all  Colours 
might  be  produced  out  of  two,  yet  it  would  not  follow  that  thofe  two  ar6 
the  only  original  Colours.  The  Reafons  I  defirc  you  would  compare  with 
what  hith  now  been  faid  of  White.  And  fo  the  Neceflity  of  all  Colours  to 
produce  White,  might  have  appear^  by  that  Experiment,  where  I  fay,  That 
if  any  Colour  at  the  Lens  be  intercepted,  the  Whitenefs  (which  is  compounded 
of  them  all)  will  be  changed  into  (the  Rcfult  of)  the  other  Colours. 

However,  fince  there  fecms  to  have  happened  fome  Mifunderftanding  be- 
tween us,  I  fliall  endeavour  to  explain  mylclf  a  little  further  in  thcfe  Things, 
according  to  the  following  Method. 

Definitions.']  i.  I  call  that  Light  homogeneal,  fimilar,  or  uniform,  whofe 
Rays  are  equally  refrangible. 

2.  And  that  heterogcncal,  whofe  Rays  are  unequally  refrangibfc. 

Ncte^  There  are  but  three  Afiedions  of  Light,  in  which  I  have  obferved 
its  Rays  to  difier,  viz.  Refrangiiilityy  Reflexibility^  and  Cd/^^r;  and  thofe 
Rays  which  agree  iri  Refrangibility,  agree  alfo  in  the  other  two,  and 
tberrfore  may  well  be  defined  homogeneal,  efpecially  fince  Men  ufually 
call  thofe  Things  homogeneal,  which  are  fo  m  all  Qualities  that  come 
under  their  Knowledge,  tho*  in  other  Qualities,  that  their  Knowledge 
extends  not  to,  there  may  pofflbly  be  fonw  Heterogeneity. 

3.  Thofe  Colours  I  cafl  finrpfc,  or  homogeneal,  which  are  exhibited  by 
homogeneal  Light, 

4.  And  thofe  compounded  or  heterogeneal,  which  are  exhibited  by  hetero^ 
gcneaJ  Light. 

5.  Different  Colours,  I  call  not  only  the  more  eminent  Spedes,  Red,.  Yel- 
low, Green,  Bhie,  Purple,  but  all  other  the  minuteft  Gradations ;  much 
afkr  the  fame  manner  wiat  not  only  the  more  eminent  Degrees  in  Muficlc, 
bnt  all  the  leaft  Gradations  are  efteemed  different  Sounds. 

Propctfiiions.']  i.  The  Sun*s  Light  confifts  of  Rays  differing  by  mdefinite 
P^^^rees  of  Refrangibility. 

Rays  which  differ  in  Refrangibility,  when  parted  from  one  another,  do 
p  Airtionally  differ  in  the  Colours  which  they  exhibit.  Thcfe  two  Propo- 
}    ns  are  Matter  of  Faft. 

.  There  are  as  many  fimplc  or  homogeneal  Colours,  as  Degrees  of  Re- 
ft gibility :  Fqr  to  every  Degree,  of  Refrangibility  belongs  a  different  Co- 
le %  by  Prop.  2.  and  that  CoJour  is  fimple,  by  Bef.  i,  and  |. 

^  Whiteneft,  in  all  Refpefts  like  that  of  the  Sun's  immediate  Light,  and ' 
oj  ili  the  ufdal  Objefbs  of  our  Senfes^  cannot  be  compoooded  of  two  (impte 
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Colours  alone :  For  fuch  a  Compofition  muft  be  made  by  Rays  that  bavc 
only  two  Degrees  of  Refrangibility,  by  Def.  i,  and  3  5  and  therefore  it  can- 
not be  like  that  of  the  Sun's  Light,  by  Prop.  1 5  nor,  for  the  fame  Reafon, 
like  that  of  ordinary  white  Objefts. 

5.  Whitenefs,  in  all  Refpefts  like  that  of  the  Sun*s  immediate  Light,  can- 
not be  compounded  of  Simple  Colours,  without  an  indefinite  Variety  of 
them  :  For  to  fuch  a  Compofition  there  are  requifite  Rays  endued  with  all 
the  indefinite  Degrees  of  Refrangihility,  hy  Prop.  i.  And  thofe  infer  as 
many  Simple  Colours,  by  Def.  i,  and  3.  and  Prop.  2,  and  3. 

To  make  thefe  a  little  plainer,  I  have  added  alfo  the  Propoftiions  that  follow. 

6.  The  Rays  of  Light  do  not  aft  on  one  another  in  pafling  through  the 
lame  Medium.  This  appears  by  feveral  former  Paffages,  and  is  capable  of 
further  Proof. 

7.  The  Rays  of  Light  fuffer  not  any  Change  of  their  Qualities  from  Re- 
fraftion. 

8.  Nor  afterwards  from  the  adjacent  quiet  Medium.  Thefe  two  Propofi- 
tions  are  manifeft  defaSfo  in  homogeneal  Light,  whofe  Colour  and  Refran- 
gibility  is  not  at  all  changeable,  either  by  Refraftion,  or  by  the  Contcrmi- 
nation  of  a  quiet  Medium.  And  as  for  heterogeneal  Light,  it  is  but  an  Ag- 
gregate of  feveral  Sorts  of  homogeneal  Light ;  no  one  Sort  of  which  fuflfers 
any  more  Alteration  than  if  it  were  alone,  becaufe  the  Rays  aft  not  on  one 
another,  by  Prop.  6.  and  therefore  the  Aggregate  can  fuffer  none.  Thcfc 
two  Propofitions  alfo  might  be  further  proved  apart  by  Experiments,  too 
long  to  be  here  defcribed. 

9.  There  can  no  homogeneal  Colours  be  educed  out  of  Light  by  Refra- 
ftion, which  were  not  commixt  in  it  before  5  becaufe  by  Prop.  7.  and  8.  Re- 
fraftion changeth  not  the  Qualities  of  the  Rays,  but  only  feparates  thofe 
which  have  diverfe  Qualities,  by  means  of  the  diflferent  Refrangibility. 

10.  The  Sun*s  Light  is  an  Aggregate  of  an  indefinite  Variety  of  homc^- 
neal  Colours;  by  Prop,  i,  3,  and  9.  And  hence  it  is,  that  I  call  homoge- 
neal Colours  alfo  primitive  or  original. 

Aiimsdverfim      VII.  I.  I  doubt  uot  of  what  Mr.  Newffn  affirms;  and  have  myfelf  Ibmc- 
J^.'^'J;^'^'.^  times  in  like  Circumftances  obferved  the  likeDifFerence  between  the  Length 
/Jrs  $  ly  Mr.    and  Breadth  of  the  coloured  Spe£lrum ;  but  never  found  it  fo  when  the  Sky  was 
N?w^f.2i7.  ^^^^^  ^^^  ^^^^  firom  Clouds,  near  the  Sun :  But  then  only  appeared  this  DifFer- 
jan.  An.  1675*  encc  of  Length  and  Breadth,  when  the  Sun  either  (hined  thro'  a  white  Cloudy 
or  enlightened  fome  fuch  Clouds  near  unto  it.  And  then  indeed  it  was  no  mar- 
vel, the  faid  Spellrum  Ihould  be  longer  than  broad ;  fince  the  Cloud  or  Clouds 
fo  enlightened,  were  in  order  to  thofe  Colours  like  to  a  great  Sun,  making  a 
far  greater  Angle  of  Interfeftion  in  the  Hole,  than  the  true  Rays  of  the  Sun 
do  make ;  and  therefore  are  able  to  enlighten  the  whole  Length  of  the  Priirn, 
and  not  only  fome  fmall  Part  thereof,  as  we  fee  enlightened  by  the  true  Sun- 
Beams  coming  thro*  the  fame  litde  Hole.    And  this  we  behold  alfo  in  the 
.  true  SuB-Beams,  when  they  enlighten  the  whole  Prifm ;  for  altho*  in  a  clear 
Heaven,  the  Rays  of  the  Sun  palling  thro*  the  faid  Hole,  never  make  a 
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Spcftrum^  longer  than  broad,^  becaufe  they  then  can  occupy  but  a  fnuii  Part 
or  the  Prifm-,  yet  if  the  Hole  be  fomuch  bigger  as  to  enlighten  the  whole 
Prifin,  you  (hall  prefently  fee  the  Length  of  the  Speftrum  much  exceed  its 
Breadth  j  which  Excefs  will  always  be  fo  much  the  greater,  as  the  Length  of 
the  Prifm  exceeds  its  Breadth.  From  whence  I  conclude^  That  the  Specjlrum, 
this  Learned  Author  faw,  much  longer  than  broad,  was  not  efFeftcd  by  the 
true  Sun-Beams,  but  by  Rays  proceeding  from  fome  bright  CJoud,  as  is  faid  ; 
and  by  Confequence,  that  the  Theory  of  Light  grounded  upon  that  Experiment 
cannot  fubfift. 

What  I  have  here  faid,  needs  no  other  Confirmation  than  meer  Experience, 
which  any  one  may  quickly  try :  neither  have  I  only  tried  the  fame  upon  this 
Occafion,  but  near  30  Years-  ago  (hew'd  the  fame,  together  with  divers  other 
Experimc;nts  of  Light,  to  that  worthy  Promoter  of  Experimental  Philofophy, 
Sir  Kenelm  Digby^  who  coming  into  thefe  Parts  to  take  the  5/>^w- Waters,  re- 
fortcd  oftentimes  to  my  darkned  Chamber  ♦,  to  fee  the  various  Phsenomenat^/Lc-g-. 
of  Light,  made  by  divers  RefraAions  and  Refiedions,  and  took  Notes  upon 
them  ;  which  Induftry  if  they  alfo  had  usM,  who  endeavour  to  explicate  the 
aforelaid  Difference  betwe-en  the  Length  and  Breadth  of  thiscoIourM  Spelirum^ 
by  the  received  Laws  of  Refraftion,  would  never  have  taken  fo  impoflibic  a 
Task  in  Hand. 

2.  Thefe  Animadverfions  feem  to  need  no  other  Anfwer  but  this,  that  you^^fi^^^redhy 
would  be  pleafcd  to  conffder  the  Scheme  in  Mr.  Newton^ s  fecond  Anfwer  to  '  '  '  '  '  * 
P.  ParideSj  and  reft  afliired,  that  the  Experiment,  as  'tis  reprefcntcd,  was  tried  j^n.^Anfieys! 
in  clear  Days,  and  the  Prifm  placed  clofe  to  the  Hole  in  the  Window,  fo  that 
the  Light  had  no  room  to  diverge,   and  the  coloured  Image  fnade  not  parallel 
(as  in  that  Cbnjedlurc)  but  tranfverfe  to  the  Axis  of  the  Prifm. 
^  3.  If  thefe  Affertions  be  admitted^  .they  do  indeed  direfkly  cut  off  what  I^ije^^^^yMr. 

feid  of  Mr.  Newton*^  being  deceived  by  a  bright  Qoud.  But  if  we  compare ^^•^^^'""-• 
'  them  with  Mr.  Newtorf^  firft  Relation  of  the  Experiment,  it  will  evidently  jan!Aafi6-2.' 
i  appear,  they  cannot  be  admitted,  as  being  diredlly  contrary  to  what  is  there 
I  delivered.  For  there  he  tells  us,  The  Ends  of  the  coloured  Image ^  he  faw  on  the 
\  '  ^fite  fVall  near  five  times  as  long  as  broody  feem  to  be  femicircukr.  Now 
I  thefe  fenddrcular  Ends  are  never  feen  in  a  clear  Day,  as  Experience  fhews. 
I  From  whence  follows  againft  the  firft  Affcrtion,  that  the  Experiment  was  not 
)  made  in  a  clear  Day.  Neither  are  thofe  femicircular  Ends  ever  feen  when  the 
Ptifm  is  placed  ctofc  to  the  Hole ;  which  contradidts  the  fecond  Affertion. 
1       Neither  are  they  ever  feen  when  the  Image  is  tranfverfe  to  the  Length  or  Axis  ^ 

i       <     he  Prifm  ;  which  direftly  oppofes  the  third  Al&rtion.     But  it'  in  any  of  j 

1  I  ic  three  Cafes,  the  Image  be  made  fo  much  longer  than  broad  (as  cafily 
t  i  lay,  by  turning  the  Prifm  a  little  about  its  Axis,  near /fo^  times  as  long  as 
}  I  »ad)  then  the  one  End  thereof  will  run  out  into  a  Qiarp  Cone  or  Pyramis 
I  1  *  the  Flame  of  a  Candle,  and  the  other  Into  a  Cone  fomewhat  more 
I  i  nt ;  both  which  are  far  from  fceming  femicircular :  Whereas,  if  the 
I  1  ige  be  made  not  in  a  clear  Day  but  with  a  bright  Cloud,  and  the  Prifm  not 
(  J  ced  clofe  to  the  Hole  but  in  a  competent  Diftance  from  the  fame,  then  ihefc 
i  licircular  Ends  always  appear,  with  the  Sides  thereof,  ftreight  Lines,  juft 
Vot.  L  Z  as 
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as  Mr.  Newton  defcribes  them.  Neither  is  the  Length  of  the  Image  tranfverfe^^ 
but  parallel  to  the  Length  of  the  Prifm.  Out  of  all  which  it  evidently  follows, 
that  the  Experiment  was  not  made  in  a  clear  Day  5  nor  with  the  Prifm  dofe 
to  the  Hole ;  nor  yet  with  the  Image  tranfverfe,  but  by  a  bright.  Clbod.and 
a  parallel  Image  fas  I  conje£lured)  j  and  I  hope  you  will  alfo  now  fay^  I  had 
good  Reafon  fo  to  conje6kure,  fince  it  fo  well  agrees  with  the  Relatbn*  And 
Experience  will  alfo  (hew  you,  if  you  pleafc  to  make  Trial,  as  it  was  made 
in  a  dark  Chamber,  and  obfcrve  the  Difference  between  fuch  an  Image  made 
by  a  bright  Cloud,  and  another  made  by  the  immediate  Rays  of  the  Sun  : 
For  the  former  you  (hall  always  find  parallel,  with  the  Ends  femicircuiar  5 
but  the  latter  you  (hall  find  tranfverfe,  with  the  Ends  pyramidical,  as  afore- 
faid,  whenfoever  it  appears  fo  much  longer  than  broad. 

More  might  be  faid  out  of  the  fame  Relation,  to  (hew  that  the  Image  was  not 
tranfverfe.  For  if  it  had  been  tranfverfe,  Mr.  N^wion^  fo  well  skiird  in  Optics^ 
could  not  have  been  furprized  (as  he  fays  he  v^as)  to  fee  the  Length 'thereof  fo 
much  to  exceed  the  Breadth  %  it  being  a  Thing  fo  obvious  and  eafy.to  be  ex- 
plicated by  the  ordinary  Rules  of  Refraftion.    That  other  Place  al(b  (where 
he  fays  the  Incident  Refraftions  were  made  in  the  Experiment  equal  to  the 
Emergent)  proves  again,  that  the  &id  oblong  Image  was  not  tranfverfe,  but 
parallel.   For  it  is  impoffible  the  tranfverfe  Image  (hould  be  fo  much  longer 
than  broad,  unlefs  Hofe  two  Refractions  be  made  very  unequal  5  as  both  the 
Computation  according^tothecommoa  Rules  of  Rcfradlion  and  Experience 
teftify. 
A^ifwer'ihyMr..     4.  What  it  is  that  impofes  upon  Mr.  Line  I  cannot  imagine  ;  but  I  fuipeA 
Newton.      ^   jjg  has  not  try'd  the  Experiment  fince  he  acquainted  himfclf  with  my  Theory, 
n!  123.^.^5^6.  but  depends  upon  his  old  Notions,,  taken  up  before  he  had  any  Hint  given 
Mar.  An.  1676.  ^^  Qbfcrve  the  Figure  of  the  coloured  Image.     I  (hall  defire  him  therefore, 
before  he  returns  any  Anfwer,  to  try  it  once  more  for  his  Satisfaftbn,  and  ac- 
cording to  this  Manner. 

Let  him  take  any  Prifm,  and  hold  it  fo  that  its  Axis  may  be  pcrpendfcular 
to  the  Sun's  Rays,  and  in  this  Pofture  let  it  be  placed  as  clofe  as  may  be 
to  the  Hole  through  which  the  Sun  (hincs  into  a  dark  Room,-  which  Hole 
may  be  about  the  Bignefs  of  a  Pea.  Then  let  him  rum  the  Prifm  flowly 
about  its  Axis,  and  he  (hall  fee  the  Colours  move  upon  the  oppofite  Wall, 
firlt  towards  that  Place  to  which  the  Sun's  direft  Line  would  pafs,  if  the 
Prifm  were  taken  away,  and  then  back  again.  When  they  are  in  the  Mid- 
dle of  thcfc  two  contrary  Motions,,  that  is,  when  they  are  nearcft  that  Place 
to  which  the  Sun's  direft  Ray  tends,  there  let  him  (lop;  for  then  are  the 
Rays  equally  refrafted  on  both  Sides  the  Prifm.  In-  this  Pofture  of  the  Prifm 
Jet  him  obfcrve  the  Figure  of  the  Colours,  and  he  (hall  find  it  not  round,  as 
he  contends,  but  oblong,  and  fo  much  the  more  oblong  as  the  Angle  of  the 
Prifm,  comprehended  by  the- refrafting  Planes,  is  bigger,  and  the  Wall,  on 
which  the  Colours  are  caft,  more  diftant  from  the  Prifm  \  the  Colours  Red^ 
Yellow,  Green^  Blue,  Purple,  fucceeding  in  Order,  not  from  one  Side  of  the 
Figure  to  the  other,  as  in  Mr.  Line\  Conjefture,  but  from  one  End  to  the 
other  \  and  the  Length  of  the  Figure  being  not  parallel  but  tranfverfe  to  the 
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Aids  of  the  Prifm.'  After  this  manner  I  ufcd  to  try  the  Experiment ;  and 
it  will  not  fucceed  well  if  the  Day  be  not  clear,  and  the  Prifm  placed  clofe  to 
the>Hole,  or  fo  near  at  leaft,  that  all  the  Sun's  Light  that  comes  from  the 
Hole  may  pafs  through  the  Prifm  alfo,  fo  as  to  appear  in  a  round  Form,  if 
iofiercepted  by  a  Paper  immediately  after  it  has  paffed  the  Prifm. 

When  Mr.  Line  has  try'd  this,  I  could  wifh  he  would  proceed  a  little  fur- 
ther, to  try  that  which  I  called  the  Experimentum  Cruets.  For  when  he  has 
try'd  them  (which  by  his  denying  them,  I  know  he  has  not  done  ye  t  as  they 
fliould  be  try*d)  I  prefume  he  will  reft  fatisfied.  It  may  be  try*d  (tho*  not 
fo  pcrfeftly)  even  without  darkning  a  Room,  or  the  Expence  of  any  more 
Time  than  half  a  Quarter  of  an  Hour. 

5.  Mr.  Linus  (now  deceafed)  try*d  the  Experiment  zgzin  and  again,  zndrbi Exfiirimm 
called  divers  on  purpofc  to  feejt,  nor  ever  made  Difficulty  to  (hew  it  to  ^^yfJ^lJ'ly^  ' 
one,  who  either  by  Chance  came  into  his  Chamber  as  he  was  doing  it,  orMi-.oafcoignc, 
Aewcd  the  leaft  Defire  to  fee  the  fame,  fo  that  for  Point  of  Experience,*  Mr.  ^,^^'-  ^'  ^^s- 
Newftm  cannot  be  more  confident  on  his  Side,  than  we  are  here  on  the  other ;  Jan.  An.  1676. 
whoarefally  perfuaded,  that,  unlefe  the  Diverfity  of  placing  the  Prifm,  or 

the  £igne{s  of  the  Hole,  or  fome  other  fuch  Circumftance,  be  the  Caufe  of 
the  Difference  betwixt  them,  Mr.  Newton's  Experiment  will  hardly  ftand. 

6.  By  Mr.  Gtf/?^/^»^s  Letter  one  might  fufped,  that  Mr.  Linus  try'd  the^'»/w«''i^4j^ 
Experiaient  fome  other  Way  than  I  did  ;  and  therefore  I  (hall  expeft,  till  his^';.  nT,'^! 
Friends  have  try'd  it  according  to  my  lateDireftions.     In  which  Trial  it  may^  556- 
poffibly  be.a  further  Guidance  to  them,  to  acquaint  them  that  the  Prifm  calb^*'*      *  ^  * 
from  itfeveral  Images.     One  is,  that  oblong  One  of  Colours  whkh  I  mean  ; 

and  this  is  made  by  two  Refra6l:ions  only.  Another  there  is  made  by  two 
RefraAioos  and  an  intervening  Reflexion  •,  and  this  is  round  and|coIourlefs, 
if  the  Angles  of  the  Prifm  be  exactly  equal  5  but  if  the  Angles  at  the  reflecft- 
ing  Bafe  be  no;  equal,  it  will  be  coloured,  and  that  fo  much  the  more,  by 
how  much  unequaller  the  Angles  are,  but  yet  'much  more  unround,  unlefs  the 
Angles  be  very  unequal  A  third  Image  there  is,  made  by  one  fingle  Re- 
fledb'on,  and  this  is  always  round  and  colourlefs.  The  only  Danger  is,  in 
mifiaking  the  Second  for  the  Firji.  But  they  are  diftinguifliable  not  only  by 
the  Length,  and  lively  Colours  of  the  Firft^  but  by  its  <iifFerent  Motion  too : 
For,  whilft  the  Prifm  is  turned  continually  the  fame  Way  about  its  Axis,  the 
Second  and  TJbird  move  fwiftly,  and  go  always  on  the  fame  Way,  till  they 
di&i^ear  i  but  the  Fir^  moves  flow,  and  grows  continually  flower,  till  it  be 
Stationary,  and  then  turns  back  again,  and  goes  back  fader  and  fader,  till  it 
""nifli  in  the  Place  where  it.  began  to  appear. 

F,  without- darkning.their  Room,  they  hold  the  Prifm  at  their  Window 
he  Sun*$  open  Light,  in  fuch  a  Pofture  that  its  Axis  be  perpendicular  to 
j  Sun- Beams,  and  then  turn  it  about  its  Axis,  they  cannot  mifs  of  feeing 
I  firft  Image ;  which  having  found,  they  may  double  up  a  Paper  once  or 
t  ce,  and  makea  round  Hole  in  the  middle  of  it,  about  I:  or  |:  of  an  Inch 
I  ad,  and  hold  the  Paper  immediately  before  the  Prifm,  that  the  Sun  may 
1  nc  on  the  Prifm  through  that  Hole  5  and  the  Prifm  being  dayed,  and 
1   "d  fteddy  in  that  Pofture  which  makes  the  Image  ftationary,  i(  the  Image 
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then  fall  dire<5Hy  on  an  oppofite  Wall,  or  on  a  Sheet  of  Paper  placed  at  the 
Wall,  fuppofe  15  or  20  Feet  from  the  Prifm,  or  further  off;  they  will  ice 
the  Image  iji  fuch  an  oblong  Figure  as  I  have  defcribed,  with  the  Red  at 
one  End,  the  Violet  at  the  other,  and. the  bluifh  Green  in  the  Middle:  Axid 
if  they  obfcure  their  Room  as  much  as  they  can,  by  drawing  Curtains,  or 
otherwife,  it  will  make  the  Colours  the  more  confpicuous. 

ThisDireftion  I  have  fet  down,  that  no  Body,  into  whofe  Hands  a  Prifint 
fhall  happen,  may  find  Difficulty  and  Trouble  in  trying  it..  'But  wjicn  Mr. 
L/««j's  Friends  have  try*d  it  thus,  they  may  proceed  to  repeat  it  in  a  dark 
Room  with  a  Icis  Hole  made  in  their  Window-fhut.  And  then  I  fliali 
defire  that  they  will  fend  a  full  and  clear  Defcription  how  they  try*d  it.  I 
fhould  be  glad  too,  if  they  will  favour  me  with  a  Deicriptioo  of  the  Expe-^ 
riment  as  it  hath  been  hitherto  tcy'd  by  Mr.  Linus  %  that  Lmayhave  an  Op- 
portunity to  confider  what  there  ij  in  that  which  makes  againft:  me, 
Exuptmi  kj  7.  .Mr.  Gafcoigne  wanting  Convenience  to  make  the  Experitnent,.aecozding 
^'\\%^p,'^t.  to  the  frelh  Direftidns  from  Mr.  Newton^  requefted  me  to  fupply  this  Waat» 
Aug.  An.  1676.  The  vertical  Angle  of  my  Prifm  was  60  Degrees ;  the  Diftance  of  the-  Wall^ 
whereon  the  coloured  5/>^5rww  appeared  from  the  Window,  about  18  Feet^ 
the  Diameter  of  the  Hole  in  the  Window-ftiuts  about  \  Inch,  which^  upon 
Occafions,  I  contracted  to  half  the  faid  Diameter,  but  ftill  with  equal  Sucoefii 
as  to  the  main  of  the  Experiment.  The  Refradk>nson  both  Sides  the  Prifm. 
were,  as  near  as  I  could  make  them,  equal ;  and  cdi^lequently  about  48  Deg* 
40  Min.  the  refraftive  Power  of  Glafs  being  .computed  according  to  the  Rada 
of  the  Sines  2  to  3.  The  Diftance  of  the  Prifm  from  the  Hole  in  the  Sbucs 
was  about  z  Inches ;  the  Room  darkned  to  that  Degiree  as  toequal  thedarkefb 
Night,  while  the  Hole  in  the  Shuts  was  covered.    . 

Now  as  to  the  Iffue  of  my  Trials ;  I  eonftantly  found  the  Length  of  the 
coloured  Image  (tranfverfe  to  the  Axis  of  the  Prifm)  cOTifideiabiy  greater 
than  its  Breadth,  as  often  as  the  Experiment  was  made  on  a  clear  Day  \  but 
if  a  bright  Cloud  were  near  the  Sun,  I  found  it  fometimcs  exaftly  as  Mt.Ijms 
wrote  to  you,  namely,  broader  than  long,  efpecially  while  the  Prifm  was 
placed  at  a  great  Diftance  from  the  Hole :  Which  Experiment  will  not,  I  con- 
ceive, be  qucftion'd  by  Mr.  Newton.,  it  being  fo  agreeable  to  fthe  received  Lasvts 
of  Refradlions.  And  indeed  the  Obfervations  of  thefc  two  learned  PrrioDSy 
as  to  this  Particular,  are  eafily  reconciieable  to  each  other,  and  both  taTrutb  5 
Mr.  iVi?w/<?»  contending  only  for  the  Length  of  the  Image  (tranfverfe  to  the 
Axis  of  the  Prifm)  in  a  very  clear  Day ;  whereas  Mr.  Line  only  maintained 
the  Excefs  of  Breadth,  parallel  to  the  fame  Axis,«whiie  the  Sun  is  in  a  bright 
Cloud.  Tho*  as  to  what  is  further  delivered  by  Mr.  Newton^  and  oppofed 
by  Mr.  Line.,  namely  that  the  Length  of  the  coloured  Image  was  five  timis- 
the  Diameter  of  its  Breadth  ^  I  never  yet  have  found  the  Exceis  s^xyve  thrka 
the  Dian>eter,  or  at  moft  3  I,  while  the  Refra^ons  on  both  Sides  the  Prifin 
were  equal.     So  much  as  to  the  Matter  of  Faft. 

Now  as  to  Mr.  Newton^s  "Theory  ef  Light  and  CaloftrSj  I  omfeis  his  neat 
Sett  of  very  Ingenious  and  Natural  Inferences  was  to  me^  upon  the  firft 
Perufal,  a^ftrong  Conjefture  in  Favour  of  his  new  Doctrine ;  1  hftving  for^ 
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maly  obkrvcd  the  like  Chain  of  Inferences  upon  Search  into  natural  Truths. 
But  iincc  fcveral  Experiments  of  Reflations  remain  ftill  untouched  by  him, 
1  conceived  a  further  Search  into  them  would  be  very  proper,  in  order  to  a 
further  JDifeovcry  of  the  Truth  of  his  AfTertion.  For  accordingly  as  they 
arc  found,  either  agreeing  with,  or  difagreeing  from  his  new  Theory,  they 
mutt  needs  much  ftrrtigthcn,  or  wholly  overthrow  the'  lame.  The  Experi- 
nents  I  pitched  upon  for  this  Purpoie  are  as  follow  : 

1.  Having  frequently  obfcrved,  that  the* Form  of  Qbjeds  viewed  in  the 
Miaoicppe  (or  rather  of  the  Microfcope  itfelf)  eonfifts  almoft  in  an  indi- 
vifible  Point,  I  concluded  two  very  fmall  Pieces  of  Silk,,  the  One  Scarlet,  the 
ether  Violet  Colour,  placed  near  together,  Ihould,  according  to  Mr.  Newton"^ 
Theory,  ap^ir  in  the  Microfcope  in  a  very  different  Degree  of  Clarity,  in 
regard  .their  Unequal  Refrangibility  muft  caufe  the  Scarlet  Rays,  or  Species, 
10  over-rcach.  the  R^ina^  while  placed  in  the  due  Focus  of  the  Violet  ones, 
and  cosieqtieatly  muft  occafion  a  fenfible  Confi?Gon  in  the  Vifion  of  the  for- 
mer, one  and  the  feme  Point  of  the  Scarlet  Objeft  afFeding  feveral  Nerves  in 
the  Raaui.  Yet  upon  frequent  Trials  I  have  not  been  able  to  perceive  any 
Inequality  in  this  Point. 

2,  The  fecond  Experiment  I  made  in  Water.  I  took  a  Brafs  Ruler,  and 
iaftning  thereunto  feveral  Pieces  of  ^ilk.  Red,  Yellow,  Green,  Blue,  and 
Violet,- 1  placed  it  at  the  bottom  of  a  Square  Veffel  of  Water  :  Then  I  re- 
tired fromi  the  Veflclfo  fer,  as  not  to  be  able  to  fee  the  aforefaid  Ruler  and 
coioored  Silks,-  otherwife  thaa  by  the  Help  of  the  refrafted  Ray.  Now,  did 
Mr.  JV«r^«'s  Doftfine  hold,  I  connived  I  fhould  not  fee  all  the  mentioned 

*  Colours,  it)  a  fireight  Line  with  the  Ruier,  in  regard  the  unequal  Refrangi- 
bility of  different  Rays  muft  needs  difplace  fome  more  than  others.  Yet  in 
£&d;  r^pon  many  Trials,  I  conft^acly  found  them  in  as  ftreight  a  Line,  as 
the  fa^  KuJer  bad  appeared  in.  . 

.  3.  To  ad^^aoce  this  Experiment,  I  adjoined  a  fecond  Rcfraftion  to  the 
fiwnicr  of  Water,  by  placing  my  Prifm  fb,  as  to  receive  perpendicularly  the 
jtfin&edSpGCtes  of  the  Silk  and  R,uler;  whereby  only  the  emergent  Species 
fiiflfered  a  fecond  Rcfradion  :.  but  ftill  with  equal  Succefs,  as  to  their  appear- 
ing, in  a  fheight  Line  to  the  Eye  placed  behind  the  Prifm. 

4».  To  chefc  two  Refraftions  I  further  added  a  third,  by  receiving  the  co- 
bored  Speeds  obliquely  upon  the  Prifm  j  whereby  both  incident  and  emer- 
gent Species  fufiered  their  refpedlivc  Refraftions:  But  ftill  with  the  fame 
Succeis  ag  formerly,  as  to  the  ftreight  Line  ihey  appeared  in. 

^t»  further  Affuiance  io  this  Experiment,  left  Prepofleflion,  occafion'd 
1  I  previous  Knowledge  of  the  Silk's  Situation  in  a  ftreight  Line,  miglit 
1  -bly-  prejudice  the  Judgment  of  the  Eye  (as  fometimes  I  have  obferv'd 
I  lappen  to  .the  Judgment  the  Eye  paffeth  upon  the  Diftancc  of  Objefts) 
]  ird  into  the  Room  fome  unconcerned  Perfons,  wholly  ignorant  of  what 
t  Experiment  aimM  at ;  and  demanding  whether  they  faw  not  the  coloured 
!    :s'anid  Raler  in  a  crooked  Line,  they  anfwer'd  in  the  Negative. 

The  Dtxt  Experhnent  I  made  in  uncompounded  Colours  (as  Mr.  Newton 
t    lis  thcTDj  Prop,  s^md  i^.)  as  follows.    Having  caft  two  coloured  Images 
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upon  the  Wall,  fo  as  the.  Scarlet  Colour  of  the  one  did  fall  in  a  ftreight  Line 
(parallel  to  the  Horizon)  with  the  Violet  of  the  other ;  I  then  looked  -upon 
both  through  another  Prifm,  and  found  them  ftiU  appear  in  a  ftreight  Line 
parallel  to  the  Horizon,  as  they  had  formerly  done  to  the  naked  Eye.  Now 
according  to  Mr.  Newton*&  Affertion  of  different  Refrangibility  in  difi^rent 
Rays^  I  conceive  die  Violet  Rays  Ihould  fuffer  a  greater  Refraftion  in  the 
Prifm  at  the  Eye,  than  the  Scarlet  ones>  andconfequently  both  Colours 
(hould  not  appear  in  a  ftreight.  Line  parallel  to  the  Horizon. 

6.  Another  Ejcpcrimenc  I  made,  'in  order  to  fome  further  Difcovery  of 
that  furprizing  Pha?nomenon  of  the  coloured  Image,  which  occafioned  Mr. 
Newton's  ingenious  Theory  of  Light  and  Colours,  as  alfo  of  hi&  excellent  In- 
vention of  the  refle6king  Telefcope  and  Microfcope.  Having  then  fometimes 
fufpefted,  that  not  only  the  direiSt  Sun-Beams,  but  alfo  other  extraneous 
Light,  might  ppfiibly  influence  .the  coloured  SpeHrum^  I  hoped  to  difcovep 
the  Truth  of  this  Sufpicion  by  means  of  the  Sun-Spots,  made  to  appear  in  the 
coloured  Image^  by  placing  a  Telefcope  behind  the  Prifm.  But  my  Endea* 
vours  proving  ineffiilual  herein,  by  reafon  of  fome  intervening  Difficalties, 
I  thought  at  length  of  a  more  feafible  Method,  in  order  to  the  dcfigned  Dif- 
coyery  ;  as  in  the  following  Experiment. 
J^^i*  77-  I  taftned  a  very  white  Paper-Circle  (about  an  Ihch  in  Diatneter)  upon  my 

Window  (huts;  and  beholding  it  thro^  my  Prifm,  Lfound  a  coloured  Image 
painted  thereby  upon  my  Retina^  anfw«rable  in  almoft  all  refpedls  to  the  for- 
mer of  the  Sun-Beams  upon  the  Wall,  efpecially  when  the  Paper-Circle  was 
indifferently  well  illuminated.  This  Im^e  indeed  appeared  contrary  to  the 
former,  as  to  the  Situation  of  Coiours,  that  is,  the  Scarlet  appearing  above, 
the  Violet  below,  tho'  but  faint.  Put  this  I  was  not  furprized  at,  having 
obfervcd  upon  diffedting  the  Eye,  that  Objeftsare  pmiited  on  the  Hetina  after 
a  contrary  Pofture  to  what  they  appear  to  fight.  Having  thys  rendered  the 
coloured  Image  much  more  tradfcable  than  formerly  it  was,  I  conceived  godd 
Hopes  of  fome  further  Dilcovery  in  the  Point  mentioned. 

In  Purfuance  then  of  my  former  Sufpicion,  having  fixed  my  Prifm  in  a 
fteady  Pofture,  I  caufed  the  Paper  C  to  be  applied  clofc  up  to  the  Paper- Circle 
nb  d%  whereupon  the  former  Violet  i,  and  the  Scarlet  Colour  of  C,  vanifhed 
into  Whitenefi;  Next  I  removed  the  mentioned  Circle  from  the  Shuts,  and 
placed  it  in  the  open  Window,  fupporced  only  by  the  Edgei/:  whereupon,  to 
my  Aftonifhment,  all  the  former  Colours  exchanged  Poftures  in  the  Retina  i 
the  Scarlet  now  appearing  below,  the  Violet  above,  the  intermediate  Co- 
lours fcarce  difcernible.  And  here,  by  the  by,  'tis. very  remarfcftble,  that  du- 
ring this  Obfervation  l.clearly  perceived  both  Blue  and  Scarlet  Light  to  be 
tranfparent,  I  being  able  to  difcern  feveral  Objefts  thro*  both,  namely,.  Stee- 
ples oppofite  to  my  Window :  Whence  it  follows,  that  thefe  Colours  do  in 
great  Part  arife  from  the  neighbouring  Light.  Laftly,  I  placed  the  Paper- 
Circle  anew,  fo  as  the  one  half  b  was  faftned  to  the  Shuts,  the  other  Semi- 
circle a  being  expofed  to  the  open  Air.  Whereupon  the-  Semicircle  a  be- 
came bordered  with  Violet  above.  Scarlet  below;  but  the  other  Semicircle  ^, 
quite  contrary.    Hence  I  make  the  following  Inferences. 

Firft. 


( »n ) 

Firft,  That  nor  oniythe.Lightreflefted  from  the  Paper-Circle,  but  aifo 
from  the  ambient  Air,  hath  great  Influence  upon  the  coloured  Image,  eTpc- 
ciaUy  as  to  the  Violet  and  Scarlet  Golourjs.  Whence,*  perchaoce,  it  will  not 
hereafter  feem  ftrange  that,  the  coloured  Spedrum  on  the  Walls  is  fo  long,  but 
only  that  the  Breadth  is  not  greater.  Secondly,  Were  there  a  more  lumi- 
sous  Body  behind  the  Sun,  we  ihould  in  all  likehhood  have  the  Colours  ^of 
the  Spedknvn  in  a  contrary  Situation  to  what  they  appear  in  at  prcfent : 
Whence^  Thirdly,  it  lecms  to  follow,  that  the  prefent  Situation  and  Order 
ef  Colours  arifetfa  not  from  any  intrinfical  Property  of  Refrangibility^  /as 
maintained  by  Mr.  Newton)  but  from  contingent  and  exti:infical  Circumftances 
of  neighbouring  Objefts :  For  accoitiingly  as  the  Body  behind  the  Paper- 
Ciicle  was  more  or  lefs  illuminated  thah  the  Circle  itfelf,  all  the  feveral  Co- 
lours changed  their  Situation^ 

8-  The  next  Experimeot  was  made  in-order  to  Mr.  iyi?ze;/^«'s  Doftrine 
of  pn«ary  Colours,  as  Prop.  5.  Having  covered  the  Hole 'in  the  Window- 
ihuts  with  a  thin  Slice  of  -Ivory,  the  tranfmitted  Light  appeared  YeHow  5 
but  upon  adding  three,  four,  or  more  Slices,  it  became  Red.  .  Whence  it 
ieems  to  follow,  that' Yeilownefs  of  Light  i&  not  a  primary  Colour,  but  a 
Compound  of  Red,  fcfr.. 

.  9.  The  bfi:  Experiment  was  made  in -reference  to  Mr..  Newton*^  ii.^Prop. 
where  from  his  own. Principles  he  renders  a  very  plaufible  Rcafon  of  a  fur- 
prizing  PhasnpmenoH,  related  by  Mr.  Hooke ;.  namely,  of  twp  Liquors,  the 
one.Blue^  and  the  other  Red,  both  feverally  tranfparent  \  yet  both,  if  placed 
together,  became  opake..  The  Rcafon  whereof,  faith  Mr.  Newtouy  is,  be- 
caufe  if  one  Liquor  tranfmitted  only  Red,  the  other  only  Blue,  no  Rays  could 
pals  thro*  both. 

In-referencethento  this  Point,  I  filled  two  fmalldaffes  with  flat  polifli* 
ed  Bottoms,  t{ie  one  with  At^afortis  deeply  died  Blue,  the  other  with  Oil 
of  Turpentine-  died  Red,  both  to  that  Degree,,  as  .to'  reprefent  all  Objcfts 
thro'  them  refpedively  Blue  or  Red :  Then  placing  the  one  upon  the  other, 
I  was  able  tod ifcern  feveral  Bodies  thro*  both.  Whereas,  according  to  Mr.  . 
Newton^^  Theory,  no  Objedt  ihould  appear  through,  both  Liquors  ;.  becaufe 
if  one  tranfmit  oi]iy.  Red,  the  other  only  Blue,  no  Rays  can  pals  thro'  both. 

P.  S.  Juft  upon  the  clofe  of  the  adjoined  Letter^  I  received  from  Mr,  Gafcoigne 

yours  of  May  the  4(b ;  wherein  you  are  pUafed  to  favour  us  with  an  exaSi 

Account  of  the  famous  Experiment  of  the  ooloured  SpeSrum^  lately  exhibited 

ief ore  the  RoydlSockty.    I  was  much  rejoiced  to  fee  the  Trials  of  that 

TUuftrious  (^n^any  agree  fo  exactly  with  ours  here  j  tho*  in  fomewhat  ours 

\if agree  from  Mr.  Newton. 

0.  The  Things  oppofed  by  Mr.  Une  being  upon  Trials  found  true  and^«/wm^iy 
inted  me,  I  begin  with  the  new  Queftion  about  the  Proportion  of  the  Length  ^^{j^^l^ll 
the  Image  to  its  Breadth  :.  And  it  is  no  wonder  that  Mr.  Lucas  found  the 
lage  Ihortcr  than  I  did,    feeing  he  tried  the  Experiment  with  a  lefs 
nglc. 

Tie 
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The  Angle  indeed  which  I  ufed  was  but  about  63  Degrees,  12  Min.  and  his 
h  fet  to  60  Degrees ;  the  Diflfcrence  of  which  from  mine  being  but  3  Deg. 
12  Min.  is  too  little  to  reconcile  U3 ;.  but  yet  it  will  bring  us  conGderabiy 
nearer  together.  And  if  this  Angle  was  not  exaftiy  meafured,  but  the  round 
Number  of  60  Degrees  fet  down  by  gucfs,  or  by  a  lefi  accurate  Mcafure  (as 
I  fuipeft  by  the  conjedural  Meafure  of  the.Refradlioh  of  his  Prifm^  by  the 
Ratio  of  the  Sines  as  2  to  3/  fet  down  at  the  fame  Time,  infte^  of  an  £x* 
perimental  one)  then  might  it  be  two  or  three  Degrees  lefs  than  60.  Deg,  if 
not  ftill  lefs:  And  all  this,  .it  it  fhould  be  ioy  would  take  away  fjie  grcateft 
Part  of  the  Difference  between  us. 

But  however  it  be,  I  am  well  aflbred  my  own  Obfervatiqn.  was  txoA 
enough.  For  I  have  repeated  it  divers  times  (ince  the  Receipt  of  Mr.  Lu^ 
cas^s  Letter,  and  that  without  any  cbnfiderable  Difference  of  my  ObfervatioM, 
either  from  one  another,  or  from  what  I  wrote  before :  And  that  it  might 
appear  experimentally,  how  the  Increafe  ol  the  Angle  increafes  the  Length 
of  the  Image,  and  alfQ  that  no  body,  who  has  a  mind  to  try  the  Experiment 
ex2U9:Iy,  might  be  troubled  to  procure  a  Prifm  which  has  an  Angle  juft  of 
the  Bignefs  afiigned  by  me,  I  tried  the  Experin>ent  with  divers  Angles,  and 
have*  fet  down  my  Trials  in  the  following  Table;  where  the  firft  Column  ex- 
pre(£»  the  Angles  of  two  Prifms  which  I  ufed,  which  are  meafured  as  exadiy 
as  I  cbuld,  by  applying  them  to  the  Angle  of  a  Sector;  and  the  fecond  Co- 
lumn exprefle^,  in  Inches,  the  Length  of  the  Image  made  by  each  of  thofc 
Angles;  its  Breadth  being  two  Inches,  its  Diftance  from  the  Prifnfx  18  Feet 
and  4  Jnches,  and  the  Breadth  of  the  Hole  in  the  Window-fliut  ^  of  an  Inch. 


54^  o'    I    71 
The  fecond  Prifm  <62     12      loi. 


Jngles    Lengths  jingles'  Lengths 

C560  loM    7i 
The  firft  Prifm  ^60    24  I  •  91 

You  may  perceive,  that  the  Length  of  the  Images,  in  refpeft  of  the  An- 
gles that  made  them,  are  fomething  greater  in  the  fecond  Prifm  than  in  the 
firft  •,  but  that  was  becaufe  the  Glafs,.  of  which  the  fcccnd  Prifm  was  made, 
had  the  greater  refradlive  Power. 

The  Days  in  which  I  made  thefe  Trials  were  pretty  clear,  but  not  fo  clear 
as  I  defired ;  and  therefore,  afterwards  nieeting  with  a  Day  as  clear  as  I  de- 
fired,  I  repeated  the  Experiment  with  the  fecond  Prifm,  and  found  the  Lengths 
of  the  Image  made  by  its  fcveral  Angles,  to  be  about  :J  t)f  an  Inch  greatf 
than  before  -,  the  Meafures  being  thofe  fet  down  in  the  Table. 


The  fecond  Prifm 


The 


(  fTT) 

The  Reafon  of  this  Difference,  I  apprehend,  was,  ,that  in  *he  deareft  D^yi 
the  Light  of  the  White  Skies,  which  dilutes  and  renders,  invifible  the  iafhteft 
Coioiirs  at  the  Ends  of  the  .Image,Ms  a  little  diminiOied  in  a  clear  Day^  and 
fo  gives  leave  to  the  Colours  to  appear  to  a  great  Length  ;  the  Sun*s  Light  at 
the  kme  time  becoming  brilker,  and  fo  itmigtheDing  the  Colours,  and  making 
the  faint  ones  at  the  two  Ends  more  confpicuous :  For  I  have  obfcrvcd,  that 
in  Days  fomething  cloudy,  whilft  the  Prifm  has.  flood  unmoved  at  the  Win-* 
dow,  the  Image  would  graw  a  little  longer  or  a  litde  (horter,  accordingly,  as 
the  Sun  was  more  or  lefi  obfcured  by  thin  Clouds  which  pafifed  over  it  \  the 
Image  being  (horteft  while  the  Cloud  was.  brighteft,  and  the  Sun's  Light 
fainceft,  Whence  it  is  eafy  to  apprehend,  that  if  the  Light  of  the  Clouds 
coald  be  quite  taken  away,  fo  that  the  Sun  might  appear  furrounded  with 
DtfknefSi  or  if  the  Sun's  Light  were  much  ftronger  dian  it  is,  the  Colours 
would  (till  appear  to  a  greater  Length. 

Iti  ail  thefe  Obfervations  the  Bressith  of  the  Image  was  jufl:  two  Inches. 
But  obfcrvkig  that  the  Sides  of  the  two  Prifms  I  ufcd  were  not  exadly  plain, 
but  a  little  Convex,  (the  Convexity  being  about  ib  much  as  that  of  a  double 
Coovex-Glafs  of  a  fixtecn  or  eighteen  Foot  Telefcopc)  I  took  a  t^urd  Prifm^ 
whofe  Sides  were  as  much  Concave  as  thoie  of  the  other  were  Convex ;  and 
this  made  the  Breadth  of  the  Image  to  be  two  Inches  and  a  third  Part  of  an 
Uch  \  the  Angles  of  this  Prifm,  and  the  Lengths  of  the  Image  made  by  each 
of  thoie  A^gleS)  being  thofe  exprefled  in  this  Table. 


Ati^Uf 

Lengths 

59"' 

^ 

59i 

9 

Hi 

.»ot 

In  diis  Cafe  you  fee  the  Concane  Figure  of  the  Sides  of  the  Prifm,  by  ma- 
king the  Rjiys  diverge  a  little,  caufes  the  Breadth  of  the  Image  to  be  greater 
in  proportion  to  its  Length  than  it  wouU  beothcrwifc.     And  this  I  thought 
fit  to  give  you  notkre  of,  that  Mr.  Lucas  may  examine,   whether  his  Prifm 
hath  not  thisF^lt.  If  a  Prifm  may  be.  had  with  Sides  exadly  plain,  it  may 
dowdl  to  try  the  Exjieriment  with  that  5  but  'tis  better  if  the  Sides.be  about 
lb  much  Convex  as  thofe  of  mine  are,  becabfe  the  Image  will  thereby  become 
much  better  defined  2  For  this  Comrcxity  of  the  Sides  does  the  fame  EfFeft,  as 
ifyouflioukl  uie  a  Prifm  with  Sides  exadlv  plain^   and  between  it  and  ihQ 
"^e  in  ^  Window- fliut,  place  an  Objea-'Glafsofan  18  Foot  Tclefcope, 
nake  the  romd  Image  of  the  Sun  appear  diftin£Uy  defined  on  the  Wall 
:n  the  Prifm  is  taken  away,  and  confequcntl;^  the  long  Image  made  by  the 
fm  to  be  nauch  more  diftindtly  defined  (eipecially  at  its  ftreigbt  Sides)  than 
would  be  othcrwife. 

One  Thing  more  I  Ihall  add :  That  the  utmoft  Length  of  the  Image, 
n  the  fainted  Red  at  one  End,  to  the  fainteft  Blue  at  the  other,  muft  be 
'afuced*  For  in  my  firft  Letter  about  Colours,  where  I  fet  down  the  length 
be  five  Times  the  Brcadih,  I  called  that  Length  the  utmoft  Length  of 
Vot*  L  A  a  the 
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the  Image ;  and  I  meafured  the  utofioft  Length,  becaufe  I  account  all  that 
Length  to  be  caufed  by  the  immediate  Light  of  the  Sun,  feeing  the  Colours 
(as  I  noted  above)  become  vifible  to  the  gfeateft  Length  in  the  cleareft  Days, 
that  is,  when  the  Light  of  the  Sun  tranfcends  moft  the  Light  of  the  Gtouds. 
Sometimes  there  will  happen  to  fhbot  out  from  both  Ends  of  the  Image  a 
glaring  Light  a  good  way  beyond  thefe  Colours ;  but  this  is  not  to  be  regard* 
ed,  as  not  appertaining  to  the  Image.  If  the  Meafures  be  taken  right,  the 
whole  Length  will  exceed  the  Length  of  the  ftreight  Sides  by  about  the 
Breadth  of  the  Image. 

By  thefe  Things  fet  down  thus  circumftantially,  I  prefumc  Mr.  Lucai  will 
be  enabled  to  accord  his  Trials  of  the  Experiment  with  mine  ;  fo  nearjy  at 
leaft,  that  there. fhall  not  remain  any  very  confidcrable  Difference  between  us. 
For  if  fome  little  Difference  fliould  ftill  remain,  that  need,  not  trouble  us  any 
further,  feeing  there  may  be  many  various  Circumftanc^s  which  may  conduce 
to  it ;  fuch  as  are  not  only  the  different  Figures  of  Prifms,  but  alfo  the  diffe- 
rent refradive  Power  of  Glaffes,  the  diflferenf  Diameters  of  the  Sun  at  divers 
Times  of  the  Ycar,and  the  little  Errors  that  may  happen  in  meafuring  Lines 
and  Angles,  or  in  placing  the  Prifm  at  the  Window  -,  though,  for  my  part, 
I  took  Care  to  do  thefe  Things  as  exaftly  as  I  could.  However,  Mr.  Lucas 
may  make  fure  to  find  the  Image  as  long  or  longer  thai>  I  have  fet  down, 
if  he  take  a  Prifm  whole  Sides  are  not  hollow  ground,  but  plain,  or 
(which  is  better)  a  very  little  convex,  and  whole  refrafting  Angle  is  as 
much  greater  than  that  I  ufed,  as  that  he  hath  hitherto  tried  it  with,  is 
lefs ;  that  is,  whofe  Angle  is  about  66  or  6y  Degrees,  or  (if  he  will)  a  little . 
greater. 

Concerning  Mr.  Lucases  other  Experiments,  I  am  much  obliged  to  him  that 
he  would  take  thefe  Things  fo  far  into  Confideration,  and  be  at  fo  much 
Pains  for  examining  them ;  and  I  thank  him  fo  much  the  more,  becaufe  he  is 
the  firft  that  hath  fent  me  an  experimental  Examination  of  them.  But  yet 
it  will  conduce  to  his  more  fpeedy  and  full  Satisfa£tion,  if  he  a  little  change 
the  Method  which  he  has  propounded,  and,  inftead  of  A  Multitude  of  Things, 
try  only  the  Experimentum  Cruets:  For  it  is  not  Number  of  Experiments,  but 
Weight  to  be  regarded ;  and  where  one  will  do,  what  need  many? 

The  main  Thing  he  goes  about  to  examine  is,  the  Diffennt  RefrangiMHty 
of  Light ;  arid  this  I  demonftrated  by  the  Experimentum  Crucis.  Now  if  this 
Demonftration  be  good,  there  needs  no  further  Examination  of  the  Thing  5  if 
not  good,  the  Fault  of  it  is  to  be  Ihewn :  For  the  only  way  to  examine  a  de- ; 
monftrated  Propofition  is  to  examine  the  Demonftration.  Let  that  Experi-' 
ment  therefore  be  examined  in  the  firft  Place,  and  that  which  it  proves  be 
acknowledged  j  and  then,  if  Mr.  Lucas  w^nts  my  Affiftance  to  unfold  the 
Difficulties  which  he  fancies  to  be  in  the  Experiments  he  has  propounded,  he 
fliall  freely  have  it.  At  prefcntl  Ihall  lay  nothing  in  Anfwer  to  his  Experi- 
mental Difcourfe,  but  this  in  general.  That  it  has  proceeded  partly  from  fome 
Mifunderftanding  of  what  he  writes  againft,  and  partly  for  want  of  due  Cau- 
tion in  trying  Experiments;  and  that  amongft  his  Experiments,  therein  one, 
which»  when  duly  tried,  is,  next  to  the  Experimentum  Crucis^  the  moft  con- 

fpicuous 
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fpicuous  Experiment,  I  know,  for  proving  the  different  Refn«ngibiJity  of 
Light,  which  he  brings  it  to  prove  againft. 

By  the  Poftfcript  otMr.  Lucases  Letter,  one  not  acquainted  with  wh^t  has 
pafled,  might  think  that  he  quotes  the  Obfcrvation  of  the  Royal  Society  againft 
mci  whereas  the  Relation  of  their  Obfervation,'  which  you  fent  to  Liege^  con- 
tained nothing  at  all  about  the  juft  Proportion  of  the  Length  of  the  Image 
to  its  Breadth  according  to  the  Angle  of  the  Prifm,  nor  any  Thing  more  (fa 
far  as  I  can  perceive  by  your  lad)  than  what  was  pertinent  to  the  Things  then 
in  Difpute,  viz.  that  they  found  them  fucceed  as  I  had  affirmed.  And  there- 
fore, imcc  Mr.  Lucas  has  found  the  fame  Succefs,  I  fupf>ofe,  that  when  he 
exprefled.  That  be  much  rejoiced  to  fee  the  Trials  of,  the  R.  Society  agree  fo 
exafffy  with  his^  he  meant  only  fo  far  as  his  agreed  with  mine. 

P.  S.  I  had  like  to  have  forgotten  to  advife^  that  the  Experimentum  Crucis, 
and  fucb  others  as/haU  be  made  for  knowing  the  Nature  of  Colours^  be  made 
wtb  Prifms  that  refrafffo  muchy  as  to  mike  the  Length  of  the  Images  five 
Times  its  Breadth,  and  rather  more  than  left ;  for  othermfe.  Experiments 
will  not  fucceed  fo  plainly  with  others^  as  they  have  done  with  me. 

VIII.  I  took  a  ftifF  Piece  of  brown  Paper,  and  pricking  a  fmall  Hole  there- ^«  optical  Ex- 
in,  I  held  it  at  a  little  Diftance  from  me  j  then  applying  a  Needle  to  my  Eye,^'^j^J'^^- 
I  was  iiirprizcd  to  fee  the  Point  of  it  inverted.    The  nearer  the  Needle  wasN?iii.>!a86. 
ID  the  Hole,  itwasfo  much  the  more  magnified,  but  Icfs  diftindfs  and  if  itJ»»*»An.  1696. 
were  fo  held,  as  that  its  Image  was  near  to  the  Edge  of  the  Hole,  its  Point 
ieemed  crooked.    So  that,  it  feems,  thefe  fmall  Holes,  or  fomewhat  in  them, 
perform  the  Efiefb  of  a  Concave  Speculum ;  and  fo  I  take  leave  to  call  them 
Jerial  Speculums. 


IX..  I.  Having  this  Opportunity  I  fend  you  a  Conftruftion  of  the  Vvo^AProbimcf 
blem  of  jOhazen,  which  my  Colleges  here  approve  of  very  much.     T^^f^^c^"^ 
Problem  is  this :  A  Concave  or  Convex  Speculum  being  given,  alfo  the  Eye  andAyiy^ns. 
a  Point  of  the  Objeif,  to  find  the  Point  of  Reflexion.  ^^t^a  6^19. 

Let  the  Speculum  be  a  Part  of  a  Sphere  whofe  Center  is  the  Point  A,  let  Fig,  7*8. 
the  Eye  be  at  B,  and  the  vifible  Point  at  C,  and  let  the  Plain  drawn  through 
A,  B,  C,  make  a  Circle  DJ  in  the  Sphere,  in  which  the  Points  of  Reflexion 
are  to  be  found.  Through  the  three  Points  A,  B,  C,  let  the  Circumference 
of  a  Circle  be  defcribed,  whofe  Center  is  Z:  Let  AE  produced  meet  it  in 
IL  being  perpendicular  to  B  C,  and  to  the  two  Lines  R  A,  O  A,  let  N  A  be 
a  bird  Proportional,  and  N  M  parallel  to  B  C  will  be  one  of  the  Afymp totes. 
A  ain,  let  thefe  be  Proportionals  E  A,  i  A  O,  A  I,  and  the  Sum  I  Y  being 
re  al  to  I N,  let  Y  M  be  drawn  parallel  to  A  Z ;  which  will  be  the  other 
A  ^mptote.  Laftly  taking  IX,  IS,  each  of  which  is  equal  in  Power  to  half 
th  Square  A  O,  together  with  the  Square  A I ;  the  Points  x  and  s  will  be  in 
th  Hyperbola,  or  the  oppofite  Seftions  D  J  to  be  defcribed  to  the  Afymp- 
to  s  now  found,  whofe  Interfedions  with  the  Circumference  D  O  will  Ihew 
lb   Points  of  Reflexion  required.     This  Conftruftion  takes  Place  in  every 

A  a  2  Cafe 


(  i8o  ) 

Cafe  la  which  the  Problem  is  folid^  except  in  one,  wherein  a  Parabola  and 
not  an  Hyperbola  is  to  be  defcribec}.    That  is,  when  the  Circumference 
through  the  Points  A,  B,  C,  touches  the  Right  Line  A  E. 
WfMr.  siufius.      2.  When  I  reduced  the  Conftruftion  of  the  ingenious  Mn  Htpgens  to  Cal- 
'^^'  culation,  I  found  he  had  followed  the  fame  Anaiyfis  as  myfcjf.     But  fincc 

two  EfFedlions  may  be  derived  from  it,  each  of  them  by  the  Hyperbola  about 
its  Alymptotes,  he  made  Choice  of  one,  and  I  of  the  other  a$  being  the  ea- 
fier.     Now  it  is  plain,  that  nothing  elfe  is  required  in  this  Problem,  if-  wc 
reduce  it  tp  mere  Geometrical  Term?,  unlefs  that  in  a  given  Circle,  whofe 
Center  is  A  and  Radius  AP,  fome  Point  as  P  (hould  be  round,  from  whence 
drawing  Right  Lines  PE,  PB,  to  the  given  Points  E,  B,  at  an  uoequal  Di- 
ftance  from  the  Center  A,  the  Right  Line  A  P  being  produced'  may  bifcdt 
the  Angle  E  P  B.    Now  this  admits  of  a  Variety  pf  Cafes.     Eithpr  the  Per- 
pendicular from  A  upon  the  Right  Lipe  E  B,  that  i;5  A  O,  falls  between  E 
^d  B,  or  beyond  B,     If  beygnd,  the  Reftangle  E OB  is  either  equal  to  the 
Square  of  A  O,.  or  is  greater  or  lefs.     Concerning  the  Cafe  of  Equality  wc 
fhall  fee  afterwards;  now  we  Ihall  comprehend  the  other  three  Cafes  nearly 
Tig.  79, 80,  Si. in  the  lame  ConftruAion.  Let  a  Circle  pajs  through  the  three  Points  A,  E,  B, 
to  the  Circumference  of  which  let  A  O  be  produced  to  D.    And  if  the  Poinc 
O  falls  between  E  and  B,  the  Right  Line  A  O  is  to  be  produced  towards  O  j 
but  if  it  falls  beyond  B,  and  the  Rectangle  EO  B  be  greater  than  the  SquMC 
of  AO,  it  muft  be  produced  towards  A;  but  if  that  Ke(5lang!e  be  kfs  ihf^ 
the  Square,  the  Circle  will  out  the  Right  Line  A  O  in  the  Point  D.     Then 
drawing  AX  parallel  to  EB,  cutting  the  given  Circle  in  N,  let  it  l>e  macje, 
as  the  Reftangle  D  A  O  is  to  the  Square  of  AN,  fo  i  AX  to  A  H,  which 
muft  be  taken  towards  X  if  O  falls  between  E  and  B,  or  theReftangle  EOB 
be  lefe  than  the  Square  ofOA,  or  on  the  contrary  Side  if  it  be  greater. 
Now  let  us  fuppofe  O  Q^to  be  equal  to  A  H,  (dire^ly  to  E  B  m  the  firft  and 
feeond  Cafe,  but  towards  E  in  the  third)  then  kt  thele  be  made  Proportionals 
X  A,  N  A,  H  K,  to  be  taken  in  all  Cafes  towards  X  ;  and  A  O  being  di- 
vided in  V,  that  K  A  to»  A  V  may  have  the  fame  Ratio  as  A  D  to  A  X ;  let 
K  V  be  joined,  and  produced  till  it  meet  the  Right  Line  QM,  parallel  to 
O  A,  indefinitely  produced  in  the  Point  L.     Then  in  every  Cafe  K  L  and 
Qjl-  will  be  the  Afymptotes  of  the  Hyperbola,  which  being  defcribed  through 
the  Point  O  will  anfwer  the  Purpofe  :  Yet  with  this  Difference,  that  in  the 
firft  and  feeond  C^k  an  Hyperbola  through  O  will  folve  the  Problem  in  the 
Convex  Spc.culum,  but  the  Se'ftion  oppofite  to  it  in  the  Concave.    But  in 
the  third  Cafe  on  the  contrary,  the  Hyperbola  through  O  will  ferve  for  the 
Concave,  and  the  oppofite  Hyperbola  for  the  Convex,     And  thus  it  will  be 
when  the  Point  V  falls  between  A  and  O ;  for  if  it  fhould  fell  beyond  O,  one 
Hyperbola  alone  defcribed  between  the  fame  O  L,  K  L,  would  fuifice  bofh 
for  the  Concave  and  Convex,     But  if  V  (hould  rail  upon  the  Point  O,  then 
the  Problem  would  become  plane,  and  the  Right  Lines  L  Q,  L  K,  would 
,  perform  it.   Whence  it  appears,  that  there  are  infinite  Cafes  of  this  Problem, 
which  may  be  folved  by  what  is  called  Locus  flaws :  So  that  they  fccm  to 
Ueifcrve  to  be  forgiven,  who  have  thought  it  may  be  folved  univcrfally  by 

ibcl 
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thc&rae  Locus ;  becaufe  thus  fametimcs  the  Calculation  has  been  fuccefsfid. 
For  DO  PoQtion  can  be  given  of  thie  three  Points  A,  E,  B,  (as  to  the  Cafe 
of  Equality  betweea  the  Reftangk  E  O  B  and  the  Square  O  A,  we  (hall  fee 
prcfently)  which  does  not  admit  that  fome  Circle  may  be  defcribcd  from  the 
Center  O^t^  whofc  arcumfcrcnce  the  ProbJen)  may  be  folved  by  a  plane 
Place-  jRw  the  Radius  of  this  Circle,  if  it  be  worth  while,  may  thus  be 
found.  In  the  firft  and  fecond  Cafe  of  the  Conftrudion  above,  let  it  be 
made,  as  the  Square  of  A  X  together  with  the  double  of  the  Reftangle  O  A  D, 
to  the  double  Square  of  A  D,  fo  the  Square  of  A  O  to  the  Square  of  A  N  ; 
A  N  will  be  the  Radius  required.  But  in  the  third  Cafe  it  muft  be  made,  as 
the  Scpiare  of  AX  fubtrading  the  double  Redangle  O  A  D,  to  the  double- 
Scyuiare  of  AD,  fo  is  the  Square  of  AjD  to  the  Square  of  A  N; 

/Now  there  remains  another  Cafe  to  be  conftruftcd,  that  is,  when  the  Reft-, 
atkgle  E  O  B  is  equal .  to  the  Square  of  A  O,  or  in  which  the  Circle  de- 
fcribed  through  the  Points  A,-E»  B,  touches  the  Right  Line  A  O.    For  Mr. , 
Hunofi  lias  rightly  admonifhed,  that  in  this  Cafe  a  ^Parabola  muft  be  de- 
fcrircd.     Which- yet  is  not  fo  to  be  undcrftood,  as  though  it  could  not  be- 
folved  by  an  Hyperbola,  fince  it  admits  of  either  an  Hyperbola,  or  a»  EU 
j^QSf  nay  an  ii^ite  Nungtber  of  them,,  ifany  one  fhall  proceed  by  our  Me- 
thod.    However  itadmits  of  aSplution  by  a  Parabola,  which  the  other  Ca- 
fes refufe.     For  the  lame  Reaion  that  muft  be  iiniited  when  he iay^,  that  his^ 
Conftrudion  takes  Place  in  every  Cafe  where  the  Problem  is  folid  j  for  \it 
means,  that  by  a  fmall  Alteration  an  Hyperbola  may  always  be  found,  which  . 
will  fenre  the  Purpofe  ;  W;hich  will  appear  to  any  one  that  fhall  compare  the 
Gafes  above  conftrufted  with  his  Conftruftion.     Now  that  I  may  return  to  . 
the  O&r  of  Equality, .  and  that  I  way  not  fjjem  to  have  made  a  ra0i  Aflcr- 
tion,  here  you  have  not  one  but  two  Parabola's,  and  oppofite  Hyperbola's' 
befi^esi  thfttr'wijl  anfwor  the  Purpofc.     Let  the  given  Pouits  hsE,  B^  as  ^^g-^^- 
before  \  let  aCitcle  be  dcfcribed  with  Center  A,  and  another  through  the 
three  Poims  A,  E,  B,  whofe  Tangent  is  A  O,  and  Center  D.     Drawing  the 
Diafficter  N  A  D X,  let  there  te  three  Proportionals  X  A,  N  A,  Z  A,  the 
half  of  which  is  A  L.     Again  let  there  be  three  Proportionals  2  O  A,  N  A,  , 
I  A,  whofe  half  is  K  A,  and  let  the  Reftanglc  L  A  O  V  he  compleated  j  and 
h  V  being  produced  to  S;  till  V  S  be  a  third  Proportional  to  A  I,  O  V ;  . 
with  Aids  SL  and  latus  reHum  Al^  and  Vertex  S,  let  a  Parabola  be de- 
knh^i  for  this  will  c-ut  the  Circle  ia  the  Points  required,  P,  P.     Another 
will  do  the  fame  Thing;  thus  the  IjLcftangle  DAKC  being  compleated, . 
and  K  C  being  prodyced  to  T,  fo  that  C  T  may  be  a  third  Proportignal  to 
A  Z,  D  C>  it  may  be  defcribed  about  the  Axis  T  K,  with  the  Vertex  T,  and  : 

le  hUus  uSum  Z  A  >  for  it  will  meet  the  Circle  in  the  fame .  Points  P,  P.  . 
I'he  Cpnftr^aion  is  ftill  eafier  by  the  oppofite  Sections ;  for  making  as  be- 
fore thp i^ree  Proportipnals  X  A,  N  A,  Z  A,  let  h\\  the  Perpendicular  Z  I,  rig.  83. 
being  a  third  Proportional  to  the  double  of  A  O,  and  A  N.  Therefore  will 
Z  I  be  greater  than  Z  A,  fince  the  double  of  A  O  is  lefs  than  X  A.  ThenJn 
the  Point  I  let  the  Right  Lines  I  Q,  I M,  be  inclined  to  the  Right  Line 
IZ  on  both  Sides  to  half  a  Right  Angfe,  and  be  produced  indefinitely  both  . 

Ways. 
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Ways.  Then  about  them  as  Afymptotcs  let  an  Hyj)erbola  be  defcribed 
through  A,  and  another oppofite  to  it;  for  this  will  fatisfy  the  Problem  in 
the  Convex  Speculum,  and  the  other  in  the  Concave.  But  fince  Z I  is  al- 
ways greater  than  Z  A,  as  wc  have  fhewn,  'the  Right  Line  I M  will  never 
pafs  through  A.  Therefore  there  will  be  no  Cafe  in  which  btttbis  Coti- 
ftruftion  (as  in  the  former)  the  Problem  can  be  Iblved  by  thsKiymptotes 
-thcmlclves.  And  yet  this  fometimes  may  admit  a  Locus  Planus^  when  it 
happens,  that  the  Right  Line  X  O,  drawn  to  the  Center  D,  may  touch  the 
Circle  N  PP;  for  then  the  Point  of  Contaft  itfclf  will  fatisfy  the  (^eftion. 
And  fo  much  concerning  a  Problem,  which  has  exercifcd  the  Wits  oTmany^ 
and  whole  Solution  I  compleated  fome  Years  ago. 

•  etbcru^ife  hy  Mr,     I  fcnd  you  here  my  fecond  Thoughts  about  the  Problem  of  Jlhazen. 

siufitts.  /*/V/.         Let  a  Circle  be  given  whofe  Center  is  A ;  and  D  and  d  are  Points  ^ven. 

'^'fii\.  Let  that  which  is  inquired  be  fuppofed  to  be  done,  and  let  the  incident  Ray- 
be  DE  ;  the  rcflcfted  Ray  Erf,  and  from  the  Point  of  Reflexion  E  let  the 
Perpendicular  E I  fall  upon  the  joined  Line  D  A  ;  and  upon  the  fame  the 
Perpendicular  rf N  from  rf,  and  let  the  Tangent  EC  and  the  Ray  JE  meet 
the  fame  produced  in  B.  Now  make  DA  ==2,  AI  =  ^j,  NA=r», 
EI  =  ^  rfN=>,  BA=;p,  AE  =  y,  andC  A  =  ;^.  Therefore,  fmcc  the 
Angles  DEC;andCEB  are  equal,  and  CE  A  is  a  Right  Angle,  by  the 
•Hypothefis  the  three  Lines  DA,  C  A,  B  A,  will  be  Harmonically  Propor- 
tionals, which  is  eafily  fhewn.  Therefore  it  will  beasDAtoBAiois 
D  C  to  C  B ;  or  in  Analytical  Terms ;  z.y::  z  —  x.x — j,  and  2  zy—^xy 

2  zy 
z=izx^  or  ZjTi  =  ^'    Now  fince  the  Reftangle  C  A  I,  or  x  <i,  is  equal  to 

c  c[  2  zy 

the  Square  of  A  E,  or  j  j>  it  will  be  ;^  =  ~>   and  confequcntly       ■    ■  = 

tiy  or 2-^  =  %    Again,  it  is  as  rfN  to  EI,  fo  is  NBtoIB;  or 

a  2za^^qq      "^         ^ 

b ,e::y  —  n.y — a.    Therefore j^ ^ .^ne=iby^^bay  and^  =  — r^;; — * 

zqq           ba^'-^ne 
Therefore  --— s=  — r >  0T2zbaa^^2znae  ^qab aA-qqn e 

:=zbzqq^^zqqe.  Which  is  an  Equation  to  the  Hyperbola  about  its 
Afymptotes,  the  Conftruftion  of  which  with  a  ^ven  Circle  fatisfies  the  Pro- 
blem. But  becaufe  of  the  Circle,  fince  it  is  qq:=zaa^eej  if  inftead  of 
zbzaa  its  Value  2bzqq  —  2bzeev&  fubftituted,  we  ihatl  have  bzqq  — 
tbze #—2  zna e — q q b a^^q q n e=i ^^zqqe^  which  is  another  Equation 
to  the  Hyperbola  about  the  Afymptotes.  And  by  this  Method,  or  by  that 
which  wc  have  explained  in  our  Treatife  of  Analyfis,  infinite  Equations  will 
come  out  to  Hyperbolas  and  Ellipfcs,  which  with  a  given  Circle  will  perform 
the  Problem  \  except  that  the  Eflfeftions  will  generally  become  fo  intricate, 
as  it  may  not  be  worth  while  to  attempt  them.  Yet  they  may  be  conftru6lcd 
after  that  Manner  which  we  have  made  ufe  of  in  the  Eilipfis. 

We 
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We  have  reduced,  as  yoTj  will  perceive,  the  Sum  of  our  Calculation  to  ^ 

the  Line  DA;  but  you  may  obferve,  that  with  the  fame  eafe  it  might  have 

been  referred  to  tf  A,  which  is  alfo  givijn,  by  drawing  thofe  Lines  which  in 

the  Scheme  are  fhadowcd  out  by  Points.     But  there  is  no  need  of  the  Labour 

of  a  new  Calculation.     For  if  you  apply  to  the  Right  Line  dK  and  to  its 

Parts  the  fame  Analytical  Terms  as  before,  that  is,  if  you  make  JA=z, 

D»  =  *,  »A  =  »,  AI=:tf,  iE==:^,  &c.  the  fame  Equation  will  come  our 

as  before,  and  you  will  obtain  infinite  other  Hyperbola's  and  Ellipfes,  which 

with  the  given  Circle  will  fatisfy  the  Porblem.    I  Ihould  be  tirefome  if  I 

was  to  purluc  all  the  Cafes,  fmce  their  Equations  differ  only  by  the  Signs  -f- 

and  — .     I  except  only  one,  which  is  when  i  A  D  is  a  right  Angle ;  for  its 

Equation  will  be  had  only  by  expunging  out  of  the  former  thofe  Terms  which 

are  efFefted  by  »,  which  then  vanimes  into  nothing.     Which  Equation  will 

be  this,  izbaa  —  qqbazzzbzqq  —  zqqe\  or  this,  zbqq — qqbar:^2Zr 

bee-^zqqfj  inftead  of  2zbaa  writing  its  Value. 

Yet  it  is  to  be  obferved,  that  although  by  referring  the  Analyfis  to  the 
right  Line  D  A,  two  Hyperbola's  in  the  Equation  preiently  offer  themfelves ;. 
and  others  as  many  different  from  the  former,  when  the  Calculation  is  re- 
ferred to  the  Right  Line  i2  A  ;  yet  the  very  fame  Parabola's  come  forth; 
when  the  Analyfis  is  referred  to  either  of  the  Right  Lines  </ A  or  D  A.  The. 
Reafim  of  which  you  will  perceive  by  a  little  Confideration. 

Now  give  me  Leave,  learned  Sir,  to  apply  the  foregoing  Analyfis  to  all 
the  Problems  which  are  ufed  to  be  propofed  about  the  Refledion  of  Spherical 
Specula^  and  that  by  a  new  Scheme.  Therefore  let  there  be  a  Circle  as  be- 
fore, whole  Center  is  A,  D  a  point  given,  and  froprthat  an  incident  Ray,  Fig.zs* 
DE,  whole  refledled  Ray  is  EQ^  Let  D  A  be  joined,  and  to  it  be  drawn 
the  Tangent  E^C,  and  perpendicular  E  L  Let  the  Right  Line  Q_.E  B  be  pro- 
duced to  the  feme,  and  the  Parts  be  denominated  as  before  ;  that  is,  D  A  =  z, 
CA=;f,  AE  =  y,  BA=j,  Al=za,  IE  =  ^.  Now  becaufe  of  the 
three  Lines  harmonically  Proportionals  DA,  C  A,  B  A,  and  the  three  Geo- 
metrically Proportionals  C  A,  A  E,  A  I,  we  (hall  always  have  the  Equation 

O^  /J  g 

j=: " — >  Upon  whatever  point  of  the  Circle  the  Ray  DE  may  fall. 

Therefore  if  the  Point  E  be  required,  in  which  if  the  Ray  DE  falls,  it  may 
be  refle6ted  parallel  to  the  Diameter  LAV  perpendicular  to  DA,  the  re- 
flcftcd  Ray  QJE  produced  will  pafs  through  I,  as  is  plain  •,    and  I  and  B  will 

coi  '4e.     Therefore  tf=;^  =  ^-^^;^>  or  aa^^x^  =  t  ?  ?>  and 

the  Toblcm  will  be  folved  by  Plains. 
1    :he  Point  be  required,  from  whence  a  Ray  may  be  reftefted  parallel  to 
^ther  Line,  as  AK  drawn  from  the  Center  A;  from  the  point  L  draw 
.ngent  to  it  KL  =  i;  it  is  plain  the  Triangles  AKL,  EI  B,  will  be 
fim  !ar,  fince  all  the  Sides  of  one  are  parallel  to  the  Sides  of  the  oriier, 

qa  —  de 
Tlj'icforc  AL  toLK,  as  EI  to  IB,  or  q.diie .a — jy  j  and  — -z —  = 


2 


t  -^2  za^^qq 
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y._. il — ,   and  2J^=r2f  AJ^«— 2«4tf  tf— ji^tf-f-jj^ff,  or  Jor 


/z^  putting  qq^^ee^  zq^  zz  zzqi'^^izqeC'-^zzdae'^^j^  d'^'q* de. 
But  cither  of  the  Equations  is  to  an  Hyperbola  about  the  Afymptotes^  which 
with  a  given  Qrclc  folvesthc  Problem. 

.  Let  it  now  be  propofed  to  caufe,  that  the  reflcdled  Ray  fliall  pafe  througd 
a  given  Point  N,  as  in  the  Problem  of  Alhazerij  or  that  being  produced  to- 
wards the  Point  of  ftefledion  E,  it  may  meet  the  given  Point  N.  From 
N  let  N  0=»  fall  perpendicularly  upon  A  L,  and  make  A  0  =  ^»  It  is 
plain  it  will  be,  as  A O  to  the  difference  of  ON  and  AB,  fo  is  EI  to 
IB;    that  is,   b.n^^y  :x  e.a-^y  :0x  b  .y  —  n:ie,y—.a.    Therefore 

ba^^ne  zqq        _j„  ,  _      , 

—7 =  y  = -'^ —  Whence  2zbaa^^2znae — qqbaA^qane 

b^^^e         ^       %za  —  qq*  22         i  ii 

'ssibzqq^^zqqe-^  which  is  the  very  Equation  of  AlbazerCs  Problem,  which 

^  '       r  ^^-|-»^  ^qq 

we  deduced  above.     Or  m  the  lecond  cafe    ,   ,^^  =  J)'  =  Tirr'^r^    of 

zzhaa-^-lvinac  —  qqb  a  —  qqne^sLzbqq^zqqe. 

And  thefe  are  the  Problems  commonly  propofed  about  the  Point  of  Re- 
fledtion,  in  which  hitherto  we  have  fuppofcd  the  Diftanceof  the  point  D  to  be 
finite.  But  the  Analyfis  will  be  eaficr  if  we  fuppofe  it  infinite.  For  C  A 
being  divided  equally  in  G,  it  is  plain  from  the  Property  of  the  three  harmo- 
ftical  Proportionals  DA,  CA,  BA,  that  the  three  Lines  DG,  CG,  B6, 
will  be  Geometrical  Proportionals,  whatever  the  Diftatice  of  the  point  D  is 
fuppofcd  to  be.  Therefore  if  it  is  fuppofed  infinite,  BG  will  become  n«hing, 
and  the  Points  B,  G,*  will  coincide.  Therefore  A  B  will  always  be  equal  to 
EC,  and  C  A  3=  2 >  and  the  Refiangic  C  A I  being  equal  to  the  Square  d 

A  E,  will  give  in  Analytical  Terms  2ay  ts^q^  or  y:tz  ^     And  fiooe titt 

Diftance  of  the  Point  D  is  fuppofed  infinite,  E  D  will  be  parallel  to  AC 
Therefore  if  the  rcflefted  Ray  parallel  to  A  L  is  required,  becaufe  in  this 

q-q 

Cafe  a  andj  coincide,  it  will  h^azzzy^z—    ot  aai=ilqq\  ii'xt'x^  defired 

to  be  paralfel  to  A  K,  it  will  be  again  q.dii4  .a  — y^  and  ^ — ^— 2=;  jf= 

q  q 

-^    or  2  f  ^  tf  *—  i  «  ^  =  J^  If  it  is  required  to  pafi  through  N,  it  will  be  as 

ba+ne  q  q  ,     ,      r  7        •  •         . 

above-*-rY — r=:yr=:^-^     and  therefore  2baa  +  2  n  a  ezzibqq '^qqi. 

"Which  Equations  are  alfo  to  HyperboIa^s  about  their  Afyraptotes,  unleft 
when  't4i€  Point  N  is  fuppofed  to  be  in  A  L ;  for  whereas  then  n  becomes 
nothing,  taffeing  away  thofe  Terms  from  the  Equation  in  which  n  is  found, 
the  remainipg  Terms  will  give  an  Equation  to  a  Parabola,  as  we  have  taken 
Notice  before. 

Too 
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You  cannot  cxpeflr,  learned  Sir,  that  as  hitherto  I  have  given  Examples 
only  in  concave  Speculum's,  fo  now  I  Ihould  proceed  to  convex.  For  you 
know  the  Analyfis  is  the  fame  in  both,  and  their  Equations  differ  only  in 
varying  the  Signs  -j-  and  — .  You  know  the  Parabola  or  Ellipfis  that  fatif- 
fies  one,  will  fatisfy  the  other  alfo ;  arid  if  the  Hyperbola  folves  the  Problem 
in  the  Convex,  the  oppofite  Hyperbola  will  do  the  fame  in  thi:  Concave. 
Therefore  omitting  thefe  I  Ihall'only  add,  that  by  the  fame  Anaiyfis  in  con- 
cave Speculum's  we  may  find  their  Focus's,  and  the  Spaces  taken  up  by  the 
Rays  in  the  Axis,  at  any  diftance  of  the  lucid  Point :  But  with  great  Facility 
when  the  Rays  come  parallel,  which  yet  I  have-feen  demonftrated  by  fome  in 
a  round-about  way.  For  in  the  Concave  Speculum  E  E,  whofe  Center  is 
A,  if  the  extreme  Ray  is  fuppofcd  to  be  reflefted  to  the  Axis  AR  in  Bjjr/^.gg, 
drawing  the  Tangent  E  C  it  will  be  CB  =  B A.  Let  the  Semiaxis  AR  be 
bifefted  in  Q^;  therefore  Q^will  be  the  Focus  ;  and  QJB  will  be  the  Space 
requiied.  But  dB  is  half  C  R,  becaufe  of  the  Equals  A  (^  QR,  A  B,  B  C, 
that  is,  half  of  the  Excefs  of  the  Arch  E  R  above  the  whole  Sine.  Therefore 
if  the  Arch  E  R,  for  Example,  be  Nine  Degrees,  AC  will  be  101246,  and 

BQ=-^il-  of  AR. 
^^    I 00000 

•    4.  This  is  the  Compendium  that  I  found  at  the  fame  time,  about  the  Rt^OfbenoifeBjM^. 

Conftruftion  communicated  to  you  at  firft.     Drawing  the  Line  AT,  parallel Huygens,^: 9s. 

to  C  B,  and  that  being  bifefted  in  V,  this  is  that  point  through  which  one  of  the^ey^t^'    *   *** 

oppofite  Hyperbola's  ought  to  pafs,  whofe  Afymptotes  are  found  to  be  Y  M,^'^-  87*  8^. 

MN. 

But  here  is  that  genuine  Conftrudion  which  is  fufficient  in  all  cafes.     Let 

the  given  Circle  be  E  D  whofe  Center  is  A,  and  the  points  given  B  and  C. 

Drawing  the  Lines  AB,  AC;   let  thefe  be  Proportionals,  B  A,  the  Radius 

of  the  Circle,  and  F  A  j  and  likewife  CA,  the  Radius  of  the  Circle,  and 

G  A.    Then  let  F  G  be  joined,  and  let  it  be  bifefted  in  H.     Through  this 

Point  Jet  the  Lines  LHK,  MHN,  be  drawn,  interfefting  one  another  at 

Right  Angles,  of  which  let  LHK  be  parallel  to  the  Line  which  bifefts  the 

Angle  B  A  C.     Thefe  are  the  two  Afymptotes  of  the  Hyperbola's  to  be  de- 

fcribed  through  the  Points  F  and  G,  one  of  which  will  pafi  alfo  through  the 

Center  A  ;  whofe  Interfeftions  with  the  Periphery  of  the  Circle  will  mark 

out  the  Points  of  Refleftion  required. 

g.  Here  the  great  Huygens  has  well  obferved,  how  the  Equilateral  Hyper-  farther eorfJerei 

bola  may  be  accommodated  to  all  the  cafes,  which,  as  I  infinuated  in  my  iox'byMr.sum%. 

ler,  immediately  offered  itfelf  in  the  cafe  of  a  Right  Angle.     Alfo  of  thofc'^-^'^^+*' 

ifinite  Ellipfes  which  might  be  ufed,  one  may  be  chofen  of  no  difficult  Con- 

Tuftion.     But  it  is  tedious  to  dwell  fo  long  upon  one  Problem.     But  one 

ling  ftill  remains  of  no  difagreeable  Speculation  :  That  is,  fince  the  Seftions 

rbich  with  the  given  Circle  are  made  ufc  of  for  the  Solution  of  the  Problem, 

at  it  in  four  Points,  of  which  only  two  can  ferve  for  the  Reflexion  ;  it  may 

e  inquired,  what  Problem  is  folved  by  the  other  two,  and  how  is  the  Propo- 

ion  to  be  exprcflcd  fo  as  to  include  all  thofe  four  Cafes  ?    And  again,  do 

Vol.  I.  ^  B  b  not 


not  thofe  four  Cafes  occur,  when  thofe  Points  are  equally  diflant  fvotn  the 

Center  ? 
j^ahik.  The  learned  Hu^gens  makes  ufe  of  n5  other  than  my  AnaJyfis,  which  ad*- 

mits  of  a  Parabola  only  in  one  Cafe.  That  this  may  appear  more  evidently 
to  you,  I  will  here  produce  the  Equation  which  he  has  conftmfted.  Recoi- 
led (if  you  pleafe)  what  I  wrote  to  you,  when  I  lent  you  my  fecond  Thoughts^ 
and  you  will  find,  that  I  affign'd  two  Equations  proper  for  folving  the  Pro* 
bJem  by  an  Hyperbola  about  its  Afymptotes.     They  were  thefe  following. 

And    bzqq^  —  2znae  —  qqba-if-qqne^zz  zziee — zqqei 
Then  I  added,  that  by  a  fmall  Alteration  (for  inftarice,  by  (ubftituting  for 
j^j  its  Value  aa'\-ee,)  infinite  Hyperbola's  and  EUipfes- might  be  found, 
which  with  the  given  Circle  would  folve  the  Problem.     Now  in  the  former 
of  thefe  Equations  for  bzqq  Jet  its  Value  be  fubftituted  ;  then 

zbaa^^2  znae'^qqba'\-qqne:=zbzee^-^zqqey 

Or,  aa^^^^ee  —  --^^ J—    ^i, 

And  this  is  the  Equation  which  that  very  learned  Gentleman  has  conftruScdf 
with  great  Ingenuity  and  equal  Facility. 
4gM  th.  I  happened  lately  upon  the  following  Conftrudion,  which  I  could  not  for- 

*>/•  29-  bear  fubmitting  to  your  Judgment  and  Cenfure,  believing  that  a  (border  can 
hardly  be  given.  Let  the  given  Points  be  E,  B,  the  Circle  with  Center  A* 
Joining  EA,  B  A,  cutting  the  Circle  in  F  and  C;  let  EA,  FA,  VA,  be  three 
Proportionals,  and  three  others  BA,  CA,  XA.  Then  VX  being  joincjl 
and  produced  at  Pleafure,  with  Vertex  X,  latus  tranfverfum  V  X,  and  latus 
reSium  equal  to  it,  let  the  Hyperbola  X  P  be  defcribed,  whofe  Ordinates  to 
the  Diameter  V  X  G  are  parallel  to  the  Right  Line  A  B,  For  this  fatisfics 
the  Propofition  in  the  Cafe  of  a  Convex  Speculum,  and  its  oppofite  in  tbe 
Cafe  of  a  Concave.  If  you  defire  to  have  the  Afymptotes  they  will  eafily  be 
found,  by  producing  V  X  till  it  meets  E  B  produced  in  L.  Then  biie&ing 
V  X  in  I,  and  taking  L  D  equal  to  L I  •,  for  D I  being  joined  will  be  one  qF 
the  Afymptotes,  upon  which  the  other  falls  perpendicularly  at  I. 

But  perhaps  it  will  not  be  unacceptable  to  you  to  know  how  I  arrived  4t 

Tig,  ^  this  Conftruftion.  Know  then  that  I  deduced  it  thus  from  my  former  Analyfis, 
The  fame  things  being  given  as  before,  let  fall  the  Perpendicular  AO  upon  £B> 
and  let  the  Point  defired  be  P,.  from  which  let  PR  fall  perpendicularly  upon 
AO.  MakeAO=*,  EO  =  2;,  OBz=^,  AP  =  j,  PR  =  tf,  AR=ii. 
Then  this  Equation  is  eafily  derived. 

2zda  eA'2  bb  ae  —  2bgqe  ,  qga  ...  ,  ,  , 
>  ^^  ,  ; ^-^-"-4-^^=^^^  — H~^  which  may  be  changed 

into  thefe, 

zdae-^bbae^^bqqe  i  99^^ 

^zm =^^~i?2--r'' 

AndzdaeA-bbae.^bqqe  ,  iqa 

The 
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'  The  CbisftfCiAbn  of  this  kft  I  have  fenc  to  you  already,  and  Mr.  Huygens 
has  fent  you  the  Conftruaion  of  the  other.  But  as  to  the  firft,  tho*  it  pre- 
ftftdy  came  into  ray  Vicw^  yet  I  almoft  ncgiedted  it,  becaufe  its  Conftrudioa 
ftemed  to  be  difficuk.  But  I  find  myfelf  to  have  been  deceived  by  a  needlefs 
Fear,  fincc  I  have  lately  found  it  to  bring  me  to  this  Conftrudion  which  I 
DOW  fend  you.  For  the  fake  of  abbreviating  the  Calculation,  make  z^^d^zzk^- 

^i^^bhz:^hm^  it  will  be  ^^-| ^  k*  s=zaa^^'     And  ad- 

«4-f.m»^— I5*f»«                          .                        fnae^^2qqe     , 
diogLX ^ — 2 on  both  Sides,  itwillbe^^-j j-^ }- 

2— i— — .  .  "  ^^ (that  is,  the  Square  of  ^  —  ^-^~]j )   2=:aa^ 

ill  -V  kk^^  ^'^'    Therefore  there  will  be  this  Analogy,  kk.kk 

'^^     •     Which  may  be  reduced  to  an  eafier  Equation,  if  making  k  k 

ky  qq 

^mtn:=zfp^  it  fhall be •-- =s ^j.    At  length  it  is,  the  Square  of  ^— -^ 

'^^-^tnyy T-r- r-r h  j-r'  which  Equation  you  will  find  to  an- 

fwcr  the  former  Conftruftion,  if  you  undertake  the  Calculation.  And  at  the 
fitne  time  you  will  obferve,  to  which  ever  of  the  Lines  E  A,  A  B,  BE,  the 
Anaiyfis  is  refer'd,  the  fame  Se&ions  will  always  arife,  though  by  a  longer  Pro- 
cch  and  very  different  Equations. 

From  this  Equation  by  Analogy  we  may  deduce  an  Efieftion  of  the  other 
Problem,  that  is,  when  a  Point  is  fought  from  whence  the  Reflected  Ray  fliall 
be  parafiel  to  any  given  Line.  Thus  if  the  luminous  Point  B  being  given,  and 
tbc  Circle  with  Center  A,  the  reflefted  Ray  parallel  to  the  Right  Line  A  E  were  in^,  ^u 
fought  For  it  is  the  &me  thing  as  if  in  the  other  Problem  the  Diftance  of 
the  Points  A  and  E  were  fuppofed  infinite.  In  which  Cafe  the  third  Pro- 
portional to  EA  and  FA  would  vanifh  into  nothing,  and  the  Points 
A  ^d  V  would  coincide.  Therefore  V  X  would  be  equal  to  A  X, 
and  A  E  parallel  to  P  E.    Therefore  apply  the  foregoing  Conftrudlion  and 

ri  will  folve  the  Problem..    That  is,  with  Vertex  X,  and  latus  tranfverfum 
X  or  AX,  and  laius  reSlum  equal  to  it,  defctibe  the  Hyperbola  X  E, 
1  lofe  Ordinates  to  the  Diameter  AX  are  parallel  to  the  Right  Line  AE. 

6.  It  is  true,  and  likewife  wonderful,  that  the  Conftruftion  I  fent  you  ^ov-  ^y  j^^y^^^^^^,^ 
n?rly,  nwy  ^alfb  be  found  by  Mr.  Slufms's  Calculation,  after  the  Change  of '^'^-  ^  6143. 
q   into  aa-i^ee.    But  this  feems  to  be  done  by  chance,  nor  does  the  Sim-     '"^^  ^** 
p  city  of  the  Conftrudion  appear  there,  till  after  we  have  apply 'd  ourfelves 
tc  it. 

The  Problem  of  Alhazen]     A  Circle  being  given  whofe  Center  is  A^  Radius 
A  D,  and  two  Points  By  C  j  tojind  a  Point  Hin  the  Circumference  of  the  given 

B  b  2  Circle 
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Circle^  whence  drawing  the  Lines  HB^  HCj  tbe^f  Jball  fMki  equal  ^gUi  at 
the  Circumference. 

Suppofe  it  found,  and  drawing  the  Right  Line  A  M  which  fhall  bifedl  the* 
Angle  B  A  C,  draw  H  F  perpendicular  to  it,  as  alfo  B  M,  C  L.  Then  join 
A  H,  to  which  let  H  E  be  perpendicular,  and  let  H  M  meet  the  Lines  BH» 
HC,  in  the  Points  K,  G. 

Nowletitbe  AM=tf,  MB=^,  AL=tr,  LC=:»,  Radius  AD =if,* 
A  F  =  X,  and  F  H  =  j^.  Now  becaufe  the  Angles  K  H  E  and  C  H  Z  are 
equal,  as  alfo  E  H  G ;  and  £  H  A  is  a  Right  Angle  ;  it  will  be  as  K  £  to 
EG,  fo  K  A  to  AG.  And  becaufe  BM  to  MD,  fo  HF  to  FK,  it  wiU 
be  as  BM  +  HFtoHE,foisMFtoFK.   That  is,  ^-j-;^.^::  a  — Jr. 

-4-1 — ^'     Add  FA  =  x,  thenKA=:-T-T • 

Again,  becaufe  CL  to  L  G,  as  H  F  to  F  G,  it  will  htpermutando  6?  di^ 
videndo,  CL  — HF  to  HF,  fo  is  LF  toFG.  Thatis,  »— ;^.;r : -r— :r. 

— — — •    Which  being  taken  away  from  A  F  =  ;^,  tis  G  A  = ^ 

id 

But  it  is  E  A  =  — >  becaufe  F  A,  A  H,  A  E,  are  Proportionals.  Therefore 
EA-GA  =  EG  =  ^~^^-  AndKA-EA=KE  =  #^' 

But  we  have  faid  it  is  KE  to  EG,  fo  is  K  A  to  AG.    Thatis,  2^4^ 

dd    dd      nxA-cy      ay4-bx    nx^^cy    ,„,  .    - 

' — -  •  -— —  — ^—^  : :  -4T —  • ^-  Whence  is  found 

X       X  n — y  b'Yy  ^—y 

2anxxy-^2bnx^ — ddtnx — ddnxytzznaddy-^ntddx-m^iacxyy 

^^2bcxxy^ddbcy'\-ddcyy—^addyy  —  bddxy. 

^    J,         ^  be    ,   ^  ibbc        bbddcx      ibbcyyx 

And  becaufe  » = — >  it  becomes pfi — =^-=^— j    be- 

a  a  a  a  ^^ 

'     r  J  J  -n     •   •    '^bbc    ,       2bbcddx      zbbcyyx 

caufe  xx^ dd^yy.    But  it  is x^  = =^^^>     be- 

a  a  a 

r              7f              s^f      r          2bbcxyy      ddbcxy 
caufe  xx:=:z dd-^yy.    Therefore  — ^ — —  2ac  xyy -f- 

ddcyy=:  —  addyy-^bddxy.     And  dividing  all  by  y^  and  multiplying 
by  ^,  ^ 

m^2bbcxy—^ddbc  x —  2  aac  xy^ddcay=z  —  aad  dy  ^^b  dda  x 

a  b  d d X  —cbddx-}-  a  c  d dy  ^a  addy:=z  2  a  a  c  x y-^-  2bbc x y 

a  b  d  d  X  —^cbddx-^  a  eddy  Jf-aaddy 

f     .   ■  =  xy^  which  is  an  Equatioa 

2aac^2bb€ 
to  an  Hyperbola, 

Or 
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Or  becaufe  tc^szna. ' \ — ,  , i  =r ;^ y. 

add  ,      ^      ^^A?  —  pnX'\'pcy4-pay 

^'  jT-fn  =^ '  ^^'■^f^^*^  ^ —    zT  =  *> 

Now  from  hence  the  following  Conftrudtion  was  not  difficult  to  find.  Let  f/^.  9j# 
BA,  AC,  be  joined,  and  the  Square  of  the  Radius  AD  being  fcparately 
applied  to  each,  let  A  P  and  A  Q^be  produced  by  that  Application.  Then 
joining  P  QJet  it  be  bifefted  in  R,  and  through  the  Point  R  let  R  D,  R  N, 
be  drawn  cutting  each  other  at  Right  Angles,  of  which  let  R  D  be  parallel 
10  AD,  which  bifeds  the  Angle  BAG.  Now  RD,  RN,  will  be  the 
Afymptotes  of  the  oppofite  Hyperbolas,  one  of  which  muft  pafs  through  the 
Center  A,  and  which  will  cut  the  Circumference  in  H  the  Points  required. 
Alfo  the  Hyperbolas  will  pafs  through  the  Points  P,  Q^ 

The  Reafon  of  the  Conftruftion  appears,  when  P  y,  Q  ^,  are  drawn,  per- 

add  ap . 

pcndicujar  to  A  M.     For  it  is  A  y  =  — XT*  ~  ^'  ^"^  ^  ^  =  — • 

AlfoPy=:^aiidQi5=:^-     Therefore  A O  =  ^^-i^->  and  O R  = 


inift 
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Whence  the  reft  will  be  eafy. 


7.  You  will  ceafc  to  wonder. 


r,  learned  Sir,  that  in  the  Problem  of  JlBazen^y^^r.sinBat^ 
be  derived  from  different  Equations,  when  you'  Fivfltf* 


the  fame  Conftruftion  Ihould  uc  ucuvcu  irum  umcrait  JL:,4UiiLiuii5,    wucij   yuu     Fig.^ 

confider  that  all  we  have  hitherto  made  ufc  of,  are  contained  in  one  and  the 
iame  general  Analyfis.  Now  to  Ihew  this,  let  a  Circle  be  given  whofe  Cen- 
ter is  A,  the  Points  H  and  I  j  and  let  the  Point  required  be  K,  to  which 
from  the  Points  I  and  H  let  be  drawn  the  Right  Lines  H K,  IK,  and  the 
Tangent  K  D.  Then  from  A  let  any  Line  A  G  be  drawn,  meeting  H  K  in 
E,  I  K  in  B,  the  Tangent  K  D  in  D  ;  the  Lines  if  needful  being  produced. 
Thefc  Things  fuppofed  it  is  plain,  becaufe  of  equal  Angles  E  K  D  and  DK  B^ 
and  the  Right  Angle  A  K D,  that  the  three  Lines  A  E,  BE,  D E,  will  be 
Harmonically  Proportional.  Therefore  drawing  K C,  IF,  H  G,  perpen- 
dicular to  A  E»  and  calling  AK=j,  AC=a,CK  =  e,  HG  =  ^,  AG  =  ^ 
FA  =  2,  FIr=:»,  by  the  Method  I  formerly  ufed  in  my  fecond  Analyfis  of 
this  Problem,  we  fhall  have  this  general  Equation,  ndaa  —  izaa — nq^qa^ 
iqqa=:ndee  —  zl^ee-^ibnae'^'Zzdae^^dqqe^'^zqqe. 

Now  fuppofe  A  G  to  be  perpendicular  to  H I ;  there  will  be  no  Variety  in 
the  Equation,  except  that  A  F  and  AG  (that  is  d  and  z)  will  be  equaL 
Writing  therefore  d  for  2,  the  Equation  will  become  ndaa  —  idaa—^ 
nqqa'\-bqqaz=z.ndee  —  db  e e'\'ihna 6-^-2  ddae  —  2  dqqe.  Orap- 
I  .  ,t  t  , ,  ,  ^  .  .  ??^  .  2bnae-\-2ddae — 2^22^ 
plymg  all  to  ;r  tf  ^db^  the  Equation  is  aa^^^  =:€€-] lid—db '^ 

Whklk 
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Which  is  the  f^mc  that  1  deduced  from  my  firft  Analyfi^  though  anotlicf 
Way,  and  which  I  lately  fent  you  conftrufted  after  an  eafy  Manner. 

Then  fuppofe  A  G  to  coincide  with  AH  ;  therefore  H  G  or  ^  vanifiies 
into  nothing.  Therefore  the  Tertns  being  expunged  in  which  b  is  found, 
there  will  remain  ndaa  —  nqqaz=zndee'\'2zdae^^dqqe*^qqze. 
This  as  you  may  remember  I  gave  you  as  my  fecond  Thoughts,  and  another 
like  to  it,  in  the  Cafe  wherein  the  Right  Line  A  G  paffes  through  I. 

Then  let  us  fuppofe  the  Right  Line  A  G  to  bifeft  the  Angle  H  A I ;  then 
becaufe  of  the  Similitude  of  the  Triangles  HAG,  I A  F,  it  will  be  as  H  G 
to  G  A,  fo  is  I F  to  F  A ;  or  * .  J : :  » .  z,  or  nd:=ibz.  Therefore  taking 
away  Equals,  *tis  bqqa  —  nqqa^:=:ibnae^2  zdae^^dqqe-^qqze. 
The  fame  which,  as  I  underlland  by  your  Letters,  Mr.  Huygens  has  con- 
ftrufted. 

Laffly,  let  it  be  fuppofed  that  the  Right  Line  H  G  bifeas  the  Right  Line 
H  I ;  therefore  H  G  =:  I  G,  or  bz=:n.  Then  it  will  be  by  taking  away 
Equals,  bdaa^^bzaaT=ibdee^^bzee'\'2bhae'^lzdae'^dqqe'-^ 
qqze.  This  though  no  difficult  one,  none  of  us  have  yet  conftrufted.  Buc 
thefe,  and  the  general  Equation  itfelf,  may  be  divided  into  two  others,  by 
fubftituting  (as  you  know)  for  ^ ^  or  ^ ^  their  Values  qq^^e e  ox  qq-^aa. 

You  fee  therefore  that  whatever  has  been  done  yet  may  be  refolved  into  the 
fame  Analyfis,  which  comprehends  alfo  infinite  other  Conftruftions  by  the 
given  Circle  and  an  Hyperbola-  But  to  inveftigate  them  is  of  no  great  Con- 
iequence,  fince  in  this  Problem,  though  formerly  Solutions  were  wanting, 
yet  now  we  have  Plenty  enough.  I  will  only  add  a  Conftruftion  by  the  Pa- 
rabola, and  that  two  Ways ;  which  though  it  may  feem  more  operofc  than 
thofe  by  the  Hyperbola,  yet  it  makes  amends  by  the  Simplicity  or  the  Curve, 
in  which  the  Parabola  has  the  Advantage  of  the  other  Conic  Seftions. 
ffi'9S'  '^^^  ^^^^  Things  then  being  given,  let  A I  be  joined  and  produced  to  S, 

'till  AS  become  equal  to  A  H,  and  HS  be  joined,  bifeft  IS  in  M,  and 
through  M  let  R  M  Q^be  drawn  perpendicular  to  H  S,  upon  which  let  fall 
the  Perpendicular  A  Q,  parallel  to  M  Q^let  the  Ray  AC  be  drawn.  Thea 
making  three  Proportionals  I  A,  AC,  A  E,  let  it  be  as  S  A  to  AE,  fo  is 
M  Qjto  A  D,  and  R  S  to  A  P,  in  the  Right  Line  A  Q^towards  Q^  And  in 
the  fame  on  the  other  Side  take  D  O  equal  to  D  C.  Then  bifeft  P  D  in  X, 
*  and  let  the  Right  Line  V  X  L  be  inclined  through  X  in  half  a  Right  Angle 
to  AX,  meeting  the  Perpendicular  crcfted  at  D,  in  the  Point  V,  and  upon 
which  from  O  let  fall  the  Perpendicular  OB.  I  fay,  if  it  be  V X  to  X  B, 
fo  is  X  B  to  BL,  the  Point  L  v/ill  be  the  Vertex,  L  V  the  Axis,  and  X.V 
the,  latus  reUum  of  the  Parabola,  which  will  fatisfy  the  Problem  in  every 
Cafe.  For  it  will  cut  the  given  Circle  in  the  Points  K,  of  which  the  higheft 
and  laft  will  belong  to  the  Problem  of  Albazen,  and  the  reft  to  fome  other 
Problem. 

Another  Parabola  may  alfo  be  given,  as  I  have  hinted  already,  which  will 
do  the  fame  as  this,  and  whofe  Defcription  may  eafily  be  deduced  from  this, 
fo  that  tl>erc  is  no  Occafion  for  any  other.  For  let  A  «y  be  taken  dircftly  to 
t)  A,  and  equal  to  it  j  and  A  «  direftly  to  O  A,  and  alfo  equal  to  it.    Then 

bifeta 
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bilcft  P  «>  in  ?,  and  through  |  let  the  Right  Line  «  ^  i3  b^  drftwn  perpendicirfar 
to  X  B,  meeting  with  i  a,  perpendicular  to  O  A,  in  k,  and  upon  which  jet 
the  Perpendicular  tf/3  fall.  Then  let  it  be  as  «|  to;50,  fo  is  ^/3toj3A. 
Then  A  will  be  the  Vertex,  x  |  the  Axis,  and  a  |  the  /^/a j  r^^ffafw  of  the  Pa- 
nbolay  which  will  cut  the  given  Circle  in  the  fame  Points  with  the  former. 

X.  Let  B  E  3  be  a  double  Convex  Lens,  C  the  Center  of  the  Segmentr^^/^^/  f^*^«* 
•  EB,  and  K  the  Center  of  the  Segment  E/B;  B/3  the  Thicknefs  of  the  Ltm^^ipai jocut  of    , 
D  a  Point  in  the  Axis  of  the  Lens ;  and  it  is  required  to  find  the  Point  ¥y^t!i',i^lfl'f^ 
at  which  the  Beams  proceeding  from  the  Point  D  are  coUeded  therein,  the^^Eam.Hai- 
Ratio  of  Refradion  being  as  m  to  n.     Let  the  Diftance  of  the  Objeft  D  BJ,?^^'/*'^' 
=:  D  A  =s  4  (the  Point  A  being  fuppofed  the  fame  with  B,  but  taken  at  a 
Diftance  therefrom,  to  prevent  the  Coincidence  of  fo  many  Lines)  the  Radius   ^i'9^- 
of  the  Segment  towards  the  Objeft  C  B,  or  C  A  =  r,  and  the  Radius  of  the 
Segment  from  the  Objeft  K  /3,  or  K  o6  =  p,  and  let  B  i3,  the  Thicknefs  of 
the  Lcnsj  be  =  /,  and  then  let  the  Sine  of  the  Angle  of  Incidence  DAG, 
be  to  the  Sine  of  the  Refraded  Angle  HAG,  or  C  A  (p,  as  fw  to  »  ;  and  in 
very  fmall  Angles  the  Angles  themfelves  will  be  in  the  fame  Proportion  ; 
whence  it  will  follow,  that,  as  J  to  r,  fo  the  Angle  at  C  to  the  Angle  at  D, 
and  <f-^-r  will  be  as  the  Angle  of  Incidence  GAD;  and  again,  as  m  to  », 

fo  d^r  to     ^"^^^  which  will  be  as  the  Angle G  AH  =  C  A  (p.  This  be- 

T       Ml  1  m  ,mmm^  ft  a '^^  ft  v 

jng  taken  from  A  C  D,  which  is  as  d^  will  leave analogous  to 

the  Angle  A  $  D  ;  and  the  Sides  being  in  this  Cafe  proportional  to  the  Angles 

they  fubfcnd,  it  will  follow,  that  as  the  Angle  A  <p  D  is  to  the  Angle  A  D  (p, 

m  dv 

foisiheSide  ADorBD,  to  A<p  orB<p:  that  is,  B<i)  willbe  = t > 

,fn^^mfia — TIT 

which  Jbews  in  what  Point  the  Beams  proceeding  from  D  would  be  collect- 
ed by  means  of  the  firft  Refraftion :  but  if  «  r  cannot  be  fubtracfted  from 
»  —  »//,  it  follows,  that  the  Beams  after  Refradbion  do  flill  pafs  on  diverg- 
ing, and  the  Point  (p  is  on  the  fame  Side  of  the  Lens  beyond  D.  But  if  »r 
be  equal  torn  — nd^  then  they  proceed  parallel  to  the  Axis,  and  the  Point  ^ 
is  tnBnitcly  diftant. 

The  Point  cp  being  found  as  before,  and  B  (p  —  B  j3  being  given,  which  we 
will  call  «r,  it  follows  by  a  Procefs  like  the  former,  that  0F,  or  the  Focal. 

i  ^n 
Diftance  fought,  is  equal  to  ^ niA-tn    ~"^'  ^"^  ^^  ^^^  ^^^  ^^  ^  ^^^ 

ftituting  B  (p  ~  B  i3  =  ^_^^_^y.  —  ^  putcmg  p  for  ^~jj,  after  due- 

p   ,  ^.       , .  ^        .         .„     .-  mpdr^^nd^tJ^npnt    

Keduction  this  Equation  will  arife,  — 3 — ; -1 ^     j^  .  t:si 

Which  Tbeorem^  however  it  may  fi^m  operofe,  is  not  fo,  confidering  the 
great  Number  of  Dau  that-  enter  the  Queftion^  and  that  one  half  of  the 

Terror 
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Terms  arife  from  our  taking  in  the  Thicknefs  of  the  Lens,  which  in  moft  Caiesr 
can  produce  no  great  EfFed ;  however,  it  was  neceffary  to  confider  it,  to 
make  our  Rule  perfcft.     If  therefore  the  Lens  confift  of  Glafe,  whofc  Rc- 

fraction  is  as  3  to  2,    twill  be  — -; — ; j -r— ,  ^  , =:  f.     If 

of  Water,    whofe  Refraftion  4s  as  4  to  3,  the  Theorem  will  ftand  thus : 

— T — 5 — J- — ^ jj  \  :  =/•    If  It  could  be  made  of  Dumant, 

4^r-}-4  Jp— 12  rj— .  J^-j- 3  r/      -^  ^ 

whofe  Refradlion  is  as  5  to  2,  it  would  be 

\^dr^^2det  +  ^r(t 

5dr+5ds  —  \^rf^3dt  +  2rt      J' 

And  this  is  the  univerfal  Rule  for  the  Foci  of  double  Convex  Glaffes  cx- 

pofed  to  diverging  Rays,     But  if  the  Thicknefs  of  the  Lens  be  rejefted  as 

p  dr » 
not  fenfible,  the  Rule  will  be  much  (horter,  vi%.  -j — r—r — ^— —  =/;  or 

«r-^ap— ^rg       '' 

2  d  f  p 
in  Glafs,   ^ — \ — j =  /.    All  the  Terms  wherein  /  is  found  be- 

^r-j-ap— 2rp        ' 

ing  omitted,  as  equal  to  nothing.  In  this  Cafe,  if  d  be  fo  fmall,  as  that 
2rpcxcced  dr-^d^y  then  will  it  be — /,  or  the  Focus  will  be  Negative, 
which  fliew  that  the  Beams  after  both  Refraftions  ftill  proceed  diverging. 

To  bring  this  to  the  other  Cafes,  as  of  Converging  Beams,  or  of  Con- 
cave Glaffes,  the  Rule  is  ever  compofed  of  the  (ame  Terms,  only  changing 
the  Signs  of -f-  and  —  ;  for  the  Diftance  of  the  Point  of  Concourfe  of  Con- 
verging Beams  from  the  Point  B,  or  the  firft  Surface  of  the  Lens,  I  call  a 
Negative  Radius,  or  -^  r  if  it  be  the  firft  Surface,  and  —  ^ ,  if  it  be  the 
fecond  Surface.     Let  then  converging  Beams  fall  on  a  double  Convex  of 

— -  2  dr a  * 

Glafs,  and  the  Theorem  will  ftand  thus  — -i j r—  =  +  /,  which 

Ihews^  that  in  this  Cafe  the  Focus  is  always  Affirmative. 

If  the  Lens  were  a  Menifcus  of  Glafs,  expofed  to  diverging  Beams,  the 

•—  2  dr  0 

Rule  is  — J     t    J — i =  /:   Which  is  Affirmative,   when  2  r  ^  is 

—  ^r  +  ^^-}-2rj       -^  ^ 

lefs  than  dr  —  J p,  otherwife  Negative :    But  in  the  Cafe  of  converging 

-4-  2  dr  p 
Beams  falling  on  the  fame  Menifcus^  'twill  be  .     ,    ,   4-o  r  ~'^'    ^^^ 

it  will  be  4-/,  whilft  d^  —  Jr  is  lefs  than  2  rp;  but  if  it  be  greater  than 
2  r  f ,  it  will  always  be  found  Negative  or  — /.  If  the  Lens  be  double  Concave, 
the  Focus  of  converging  Beams  is  Negative,  where  it  was  Affirmative  in  the 

—  2  dr  p 

Cafe  of  diverging  Beams  on  a  double  Convex,  viz,  -p-j — \—i =/: 

°   ^  -^da-^dr  —  2rg     ^ 

which  is  Affirmative  only  when  2  r  g  exceeds  Jr  +  ij:    But  diverging 

Beams 


im) 

Beams  pafBng  a  double  Concave  ha,^^  dvip  a  Negative  Pocos,  «>'«, 

The?^^^r^«j  for  converging  Beams,  arc, principally  of  ufe  to  determine 
the  Focus  refulting  from  any  fort  of  Lens  placed  in  a  Telefcope«  between  the 
Focus  of  the  Qbjedt-GIali  and  the  Glafs  itfelf ;  the  Diftance  between  thefaicj 
Focus  of  the  Objed-GIa&  and  the  interpofed  Lens  being  made  zs^^d. 

In  cafe  the  Beams  are  parallel^  as  coming  from  an  infinite  Diftance  (which 
is  fuppofed  in  the  cafeot  Telefcopes)  then  will  d  be  fuppoiied  infinite^  and  in 

the  Theorem  ^  ILi  '  \  "^  the  Term  pr^  vanifhes,  as  being  fiirite^  whidi 
is  no  Part  of  the  other  infinite  Tctms  i  and  dividing  the  Remainder  bf  the  ia« 
finite  Part  i,  the  Theorem  will  ftand  tlnis  /?     =»/,  or  in  Glafs  rTr'  =5:/. 

In  cafe  the  Lens  were  pkno-oonTexaqiofed  to  dif^i^g  Beams,  infteadof 

drJ^dfLpn' ""  ^""8  infinite,  it  will  be^;;^  sx/,  or-p-^  «  A  if 
the  Lens  be  Glafs. 

If  the  Lens  be  doable-eonvex,  and  f  be  eqoal  to  (^  Z9  beif^  formed  of 

pdpT 

Segments  of  equal  Spheres,   then  wUl  j — Xi^ITTr"  ^  reduced  tQ 

^~  sa/;  and  in  cafe  ^be  infinite,  then  it  will  be  yet  ferther  contrafted 

to  J  ^r,  and  ^  being  =2  - — ^  the  Focal  Pittance  in  Glafs  will  be  ttr  fr  ifl 
Water  i  \  r,  but  in  Diameter  -J  r. 

This  is  not  only  ufeful  to  difcover  the  FocUs  from  the  other  propofed  Data  j 

but  from  the  Focus  given,  we  may  thereby  determine  the  Diftance  of  the 

Objcdt,  or  from  thei? ocus  and  Diftance  given  we  may  find  of  what  Sphere 

it  is  requifite  to  take  another  Segment,  to  make  any  given  Segments  of  an- 

Tier  Sphere  caft  the  Beams  from  the  Diftance  d  to  the  Focus  /i    AA 

cewife  fmm  the  Lens,  FocuSy  and  EXftance  given,    to  find  the  Rario^  of 

rftadtion,  or  of  m  to  »,  requifite  to  anfwer  chefe  Dau.     All  which,  it 

>bvious,  are  ftilly  determined-  from  the  Equation  we  have  hitherto  ufed^ 

.pi{  rzs if /^//f /-*-]-/ f{/    For  to  find  ^  the  Theorem  Ts 

-,^y  ■   "'  g<^>  tl^e  Diftance  of  the  Obgeftj    for  #,    the  Rule  is 

+  «/  —  Pi^  ,  , 

;  J^jp^^i^  butfor/>.  itwinbe^^^±^=i>l  which  lat- 
)     determines  the  Ratio  of  Refradkion^  p  being  to  »  as  x  -f*^  to  /• 


(  194) 

I  fiiall  not  expatiate- on  thefc  Particulars,  but  leave  then)  for  the  Exercilc  of 
thoie  that  are  defiiousto  be  infofaied  in  Optical  Matters,  which  I  am  bold  to 
fay  are  comprehended  in  thefe  three  Rules,  as  fully  as  the  mod  Inquifi-* 
tive  can  defire  them,  and  in  all  poflible  Cafes,  Regard  being  had  to  the  Signs 
*|-  and  .^,  as  in  the  former  Cafes  of  finding  the  Focus.  I  (hall  only  ihew 
two  confiderable  Ufes  of  them  ;  the  one  to  find  the  Diftance  whereat  an  Ob-. 
jeft  being  placed,  fhall  by  a  given  Lens  be  reprefented  in  a  Species  as  large  as 
the  Objeft  itfelf,  which  may  be  of  lingular  Ufe  in  drawing  Faces,  and  other 
Things  in  their  true  Magnimde,  by  tranfmitting  the  Speaes  by  a  Glafs  into  a 
dark  Room,  which  will  not  only  give  the  true  Figure  and  Shades,  but  even 
the  Colours  themfelves,  almoft  as  vivid  as  the  Life.  In  this  Cafe  d  is  equal 
to/;  and  iubflituting d for/ in  the  Equation,  we  (hall  have p  dr  (  :^  d dr 
J^  dd ^ -^dp  f  r  I  and  dividing  all  hy  d^pr^zs: dr  +^f — -P ^ i>  ^^^  ^ 

,  j^  .  =,  ij  but  if  the  two  Convexities  be  of  the  lame  Sphere,  fo  as  r  =  (, 

then  will  the  Diflance  be  =  /;  r,  that  is,  if  the  Lens  be  Glafs  =  2  r ;  fo  that 
if  an  Obje6i  be  placed  at  the  Diaipeter  of  a  Sphere  difhnt,  in  this  Cafe  the 
Focus  will  be  as  far  within  as  the  Objeft  is  without,  and  the  Species  repre- 
fented thiercby  will  be  as  big  as  the  Life ;  but  if  it  were  a  Plano-Convcx, 
the  fame  Diftance  will  be  =  2y  r,  or,  in  Glafs,  to  four  Times  the  Radius  of 
the  Convexity.  .  '.      . 

A  fecond  Ufe  is  to  find  what  Convexity  or  Concavity  is  required  to  make 

a  vaftly  <Hftant  Objea  be  reprefented  at  a  given  Focus,  after  the  one  Surface 

of  the  Lens  is  formed  ;  which  is  but  z  Corollary  to  our  Theorem  for  finding  f, 

having  py  dy  r,  and  /,  given ;    for  d  being  infinite,   the  Rule   becomes 

rf  ^f 

t — »^^  =  p,  that  is,  inGlals,  -         ^=  f,  whence,  if/ be  greater  than  2  r> 

r  J  ^  J 

rf 
^becomes  N^tive^  and  j is  the  Radius  for  the  Concave  fought. 

But  to  return  to  their  firft  Theorem^  which,  accounting  for  the  Thicknefi 
of  the  Lens,  we  will  here  again  refume,  viz. 


m 


mpdr^^^nd^t^^nprft  ^^ 

dr-^-mdf^^mpfr — m-^ndt^^nrt  ^^^* 


And  let  it  be  required  to  find  the  Focus,  where  a  whole  Sphere  will  coUefk 

the  Beams  proceeding  from  an  Objeft  at  the  Djftance  d.    Here  /  is  equal 

to  2  r,  and  r  =  ^ ;  and  after  due  Reduftion,  the  Theorem  will  ftand  thus, 

mpdr — indrA-inprr       ^    ^      .r  f  $    -  n  -       •    •  .    rv^j 

^ r-i — ^ —  =/:  But  if  d  Ik  infinite,  it  is  contraftcd  to 

2»J  +  2«r— w^r  "^  ' 

^t£l_^^2JLirJL  r  =/;   wherefore  a  Sphere  of  Glafs  collefts  the 
2n  2  m  —  2»  ''  ^ 

Sun's  Beams  at  half  the  Semidiamcter  of  the  Sphere  without  it,  and  a  Sphere 

of 


of  Water  at  a  whole  Semidiamcten  But  if  the  Ratio  of  Rcfraaiion^  w  to  n 
be  as  2  to  I,  the  Focus  falls  on  the  oppofite  Surface  of  the  Sphere;  but  if  it 
be  of  greater  Inequaljity,  it  falls  within. 

Another  EMmplc  fliall  be,  when  a  Hemifphere  is  expofed  to  parallel  Rays, 
that  is,  iand  f  being  infinite,  and  /  =  r,  and,  after  due  Reduftion,  the  Tbe^ 

^rem  refults —*  r  =/;  that  is,  in  Glafs  it  is  at  4  r,  in  Water  at  5  r  ; 

but  if  the  Hemifphere  were  Diannond,  it  would  coUeft  the  Beams  at  vV  of  the 
Radius  beyond  the  Center, 

Laftly,  As  to  theEfFcft  of  turning  the  two  Sides  of  a  Lens  towards  an 
Objeft ;  it  is  evident,  that  if  the  Thickncls  of  the  Lens  be  very  fmall,  fo  as 
that  you  negleft  it,  or  account  /  =  o,  then  in  all  Cafes  the  Focus  of  the 
lame  Lens,  to  whatfoever  Beams,  will  be  the  fame,  without  any  Difference 
upon  the  turning  the  Lens:  But  if  you  are  fo  curious  to  confider  the 
Thicknefs,  (which  is  feldom  worth  accounting  for)  in  the  cafe  of  parallel  Rayi 
falling  on  a  Piano-Convex  of  Glafs,  if  the  plane-fide  be  towards  the  Obje6V» 
/  does  occafion  no  Difierence,  but  the  Focal  Diilance  f:=z  2  r.  But  whea 
the  Convex  Side  is  towards  the  Objeft,  it  is  contrafted  to  2  r^ —  f  / ;  fb  that 
the  Focus  is  nearer  by  f  /.  If  the  Lens  be  Double  Convrix,  the  Difference 
is  Icfs ;  if  a  Menifcusj  greater.  If  the  Convexity  on  both  Sides  be  equal,  the 
Focal  Length  is  about  f  /  fhorter  than  when  /so.  In  a  Memjctts^  the 
Concave  Side  towards  the  Objeft  increafes  the  Focal  Length,  but  the  Conveic 
towards  the  Objedt  diminilhes  it.     A  general  Rule  for  the  Difference  arifm^ 

on  turning  the  Lens,  where  the  Focus  is  Affirmative^  is  this  -^ 137 

for  double  Convexes  of  different  Spheres.  But  for  Menifci  the  fanie  Diffe- 
rence becomes :: — t^  *  of  which  I  need  give  no  other  Demonftra- 

tion,  but  that  by  a  due  Reduction  it  will  follow  from  what  is  premifcd,  as 
will  the  Tb^orms  for  all  forts  of  Problems  relating  to  the  Foci  of  Optick 
Glaffes. 

XI.  I.  Let  DB  and  EC  be  oppofite  Hyperbola's,  whofe  tranfvcrfe  Axis^<?'«^'« 
IS  B  C,  Center  A,  and  one  of  the  Afymptotes  G  P  •,  alfo  let  O  M  be  ^xv^iiuTcxh^^i 
through  the  Center  at  Right  Angles  to  B  C.    Wherefore  if  the  Hyperbola's  ^j^  5/;  Chiifli* 
re  converted  about  the  Axis  O  M,  it  is  plain,  by  fuch  a  Revolution  an  Hy- ^'J5*,  ^.  ^5 ,. 
erbolical  Cylindroidal  Body  will  be  generated,  whofe  Bafcs  and  Seftions  par- J"*  An.  1669. 
Ilel  to  the  Bafe  will  be  Circles.     I  fay  moreover,  if  the  fame  Body  be  cut     '^*  '^* 
trough  the  Afymptote  G  P,  the  Se&ion  will  be  a  Parallelogram. 
Let  it  be  cut  through  the  tranfverfe  Axis  by  a  Circular  Seflion  B  N  C, 
ifo  through  O  and  M  into  equal  Circles  equally  diftant  from  the  Center ; 
lib  through  the  Axis  into  a  generating  Figure,  wht)fc  half  is  B  D  £  C»  in  the 

C  c  2  Plain 


plwn  pF  which  wiil  be  ^  Arymptotc  G  P,  through  whic*  it  Right  Angle* 
kt  the  plain  B  D  E  be  cut  in  the  Piain  F  H  P  j  laftly  let  HO  be  joined. 

Becaufe  of  the  Right-angled  Triangle  O  G  H,  the  Square  of  O  H  or  O  D^ 
fubtrading  the  Square  of  O  G,  is  equal  to  the  Square  of  G  H.  And  becauie 
DO  is  paraUel  to  B  A,  and  cuts  the  Afymptote  in  G,  it  will  be  (by  the 
JPropertics  of  the  Hyperbola  demonftrated  in  the  CobIcs)  the  Square  of  O  G 
together  with  the  Square  of  B  A,  equal  to  the  Square  of  O  D.  That  is,  the 
Square  of  O  D  kflencd  by  the  Square  of  O  G  ifi  equal  to  the  Square  of  A  B^ 
or  the  Square  of  A  N.  Therefore  the  Square  of  G  H  is  equaj  to  the  Square 
of  A  N,  and  thence  G H  is  equal  to  AN,  and  they  are  ^t  Right  Angles  to 
G  A :  And  the  like  may  be  demonftrated  of  all  other  Scdbions  parallel  to  the 
Bafc.  Wherefore  the  Hyperbolic  Cylindroid  is  truly  cut  through  the  Afynop- 
tote  into  a  Parallelogram.    ^.  E.D. 

Corpll.  Hence  it  appears  that  in  the  Superficies  of  the  Cylindroid,  though 
it  conMs  of  a  double  Flexure,  innumerable  Rigl)t  Lines  jxiay  ncverthelefs  be 
drawn.  It  appears  alfo,"  that  there  ;s  another  Way  of  generating  this  Body^ 
that  is^  by  the  Revolution  of  a  Parallelogram  about  the  Axis  at  reft,  in  ao 
Angle  to  tbfe  Axis  equal,  to  G  A  O  j  or  laftly,  ^hc  generating  Line  H  R  re- 
piaining  immoveable,  and  forming  or  cutting  the  Mais  as  it  turns  about.  > 
And  if  the  very  fliarp  and  ftreight  Edge  of  theChiflel  be  ^iipoied  in  refpeft 
tA  the  Axis  after  the  manner  of  the  generating  Line,  while  the  Mandrel  turns 
^bout  J  it  is  plain,  that  by  the  Lathe  as  true  Hyperbolas  as  Circles  may  be 
defcribed,  ftnce  nothing  more  is  reqi^d  for  forming  a  Cylindroid  than  t 
Cylind^r^  unleis  that  in  die  Cylmder  the  Edge  of  the  Chiflel  muft  be  parallel 
to  the  Axis,  whereas  it  muft  be  inclined  to  it  to  form  a  Cylindroid. 

Therefore  we  muft  obferve,  that  the  Species  of  the  Hyperbola  will  be  va- 
ried, according  to  the  different  Inclination  or  Magnitude  of  the  Angle  GAG; 
fo  that"^it  is  more  eafily  accommodated  to  a  given  Hyperbola,  than  to  needi 
any  Demonftration.  But  if  the  fame  Angle  remaining,  the  generating  Line 
^proaches  neater  to  the  Center,  dieince  will  arife  a  lefTer  Hyperbola,  but  of 
the  fame  Species  as  before, 
JurX'd!!'^  4.  Let  there  be  three  Bodies  fit  for  Grinding,  P,  Q^R  j  of  which  letP 
criM^lfHy-  and  Qht  equal,  and  formed  in  the  Shape  of  a  Pillar,  but  let  the  Body  R  be 

^uffis'^'^ktsir  *"  *^  ^^^I*  ^^  ^  ^^^^'    ^^^  ^  ^^^  ^  Rotation  about  the  Axis  A  B,  Q^ 
chrift/wfenr  about  C D,  and  R  about  EG.     Bat  let  A B  and  CD  be  in  different  Plains, 
Nb^^Ao".  xeIJi  X^^  ^  ^^^^  ^  ^  produced  may  be  at  Right  Angles  to  both  A  B  and  C  D. 
r^.  9S,       Laftly,  let  the  Bodies  a|)proach  to  one  another,  as  much  as  necefiary,  yet  fo 
as  that  the  fatne  Inclination  of  the  Axes  may  be  ftill  preferved. 

I  fay,  that  by  the  Revolution  and  mUtual  Attrition  of  the  Bodies  before 
fuppofed,  new  Geometrical  Bodies  will  arife,  of  which  P  and  Q^will  be  equal 
Hyperbolical  Cylindroids,  and  R  an  Hyperbolical  Conoid,  of  a  given  Species 
and  Magnitude. 

We  have  the  Cemonftration  at  hand,  as  alfo  a  Model  of  the  Machine  it- 
felf,  which  is  intended  for  the  grinding  of  Hyperbolical  Lenfes.     Tode- 
fcribe  ^hich  by  the  laborious  Apparatus  of  a  Pidure,  and  a  tedious  Explica- 
tion r 


(  »P7  )  ^ 
tjen»  .«rouIcl  be  4noee  troubleibmc  to  me  and  the  Engraver,  than  it  would  be  to 
any  ingenious  Man  to  find  the  like.  For  after  the  Geometrical  Principles  are 
nit|w  explained,  it  is  eafy  to  gi«?is  what  fore  of  an  Inftrument  ic  is.  The 
Parts  are  three  oblong  Boards,  plain,  ftrong,  moveable,  and  placed  upon 
one  another.  The  lowcft  and  middlemoft  fupport  the  unequal  Puppets  (or 
Handles  that  fuftain  the  Mandrel)  placed  alternately.  This  is  required  by 
the  Obliquity  and  as  it  were  Decuffation  of  each  of  the  Mandrels.  The 
Puppets  of  the  uj^rmoft  Board  are  equal,  and  difpofed  according  to  the 
Length  of  the  Board ;  and  the  Mandrel  is  let  through  the  neareft  Puppet,  be- 
ing perforated  for  thatEnd.  I  fhall  not  mention  the  Wheels,  Rollers,  Thongs, 
Weights,  Skrcws,  and  other  Things  neceffary  for  the  expeditious  Motion  ' 
and  Straigth  of  the  Machine.  P  belongs  to  the  loweft  Board,  O  to  the 
fl)iddlenf)oft,  R  to  the  uppermoft.  R  is  a  Lens  of  Glafs ;  Q^is  theModel 
grinding  the  Lens ;  P  is  the  Pattern  that  corrects  the  Model ;  which  as  it  is 
carried  by  an  oblique  Motion,  and  different  from  the  Motion  both  of  the 
Lens  and  the  Model,  continually  grinds  and  wears  away  whatever  Imperfe- 
^ion  is  commanicated  to  the  Mooel  by  the  Attrition  of  the  Lens  and  the 
Matter. 

Wherefore  fince  the  Generation  of  the  Hyperbolical  Conoid  is  fo  fimpfe 
and  naniral,  being  produced  only  by  Circular  Motions ;  and  fince  the  Mo* 
tioD  is  double  and  various  ;  it  is  probable  that  Hyperbolical  Lenfes  may  be 
formed  upon  thefe  Principles,  if  upon  any  at  all. 

XII.  This  Phaenomenon  appears  very  eafily  explicable,  from  the  ConMe-irhyrmrCmvim 
ration  of  placing  Glaffes  in  a  Tube;  which  is  thus:  Afteu  theObjeft-Glafs,^*-^J'^Jj2 
thefirftEyc-Glafs  is  placed  fo  much  diftant  (towards  the  Eye)  from  the  Focus/^Tis^j  iy 
of  the  Objea-Glafs,  as  is  the  Focus  of  the  Eye-Glafs;  then  the  middle  Eyt-^'^^^^*'^ 
Glafe  is  placed  fo  much  diftant  from  the  Focus  of  the  firft  Eye-Glafs,  as  isN.  283. ^  169. 
the  Focus  of  the  middle  Eye-Glafs:  Laftly,  the  neareft  Eye-Glafs  is  placedJ"**-^'*^'^* 
fo  much  diftant  frona  the  Focus  of  the  middle  Eye-GIafs,  as  is  the  Focus  of 
this  neareft  Eye-Glafe ;  and  the  Eye  looking  through  them  all,  is  placed  in 
At  F0CU8  of  the  neareft  Eye-Glafs. 
I  fay  therefore,  i.  That  one  fingle  Convex-Glafs  cannot  properly  be  faid 
.  by  itfelf  to  (hew  Objedls  Ereft  or  Reverfe,  but  in  refpeft  of  the  placing  <tf  the 
Eye  that  looks  through  it:  For  if  the  Eye,  that  looks  through  a  fingle  Con- 
vex-Gfafi,  be  placed  nigher  thereto  than  the  Glafs's  Focus,  the  ObjeAs  are 
Eredk;  if  the  Eye  be  placed  juftJn  the  Focus,  theObjefts  are  neither  Ercft 
nor  Reverfed,  but  all  in  Confufion  between  both  -,  and  if  the  Eye  be  placed 
irther  from  the  Glafs  than  the  Focus,  the  Objeds  are  Reverfed.     I  mean 
ere  diftant  Objeds,  the  Rays  flowing  from  any  Point  whereof  may  be  counted 
)  come  Parallel  towards  the  Objeft-Glafe. 

2.  The  Objedl-Glafs  of  a  Telefcope  reverfes  the  Objeft,  both  to  the  Eye- 

flafs  and  the  Eye  that  looks  through  it:  For  the  Eye-Glafs  is  placed  farther 

fom  the  Obje&-Glafs  than  is  the  Focus  of  the  Objcdl-Glafs :  But  the  Eye* 

"lat  does  nothing  towards  the  Redification,  or  Reverfion  5  the  Eye  being 

.aced  juft  in  its  FocUs. 

2.  The 


J.  If  the  fecond  Eye-Glafs  (the  firft  being  that  next  the  Objca-Glafi)  be 
placed,  as  it  ought,  in  a  Telefcope,  place  the  Eye  nearer  in  this  middle  Eye- 
Glafs  than  its  Focus,  and  it  fees  the  Objeft  inverted  and  confufed :  Place  the 
Eye  in  the  Focus,  and  it  fees  the  Objcft  all  in  Confufion,  neither  Ereft  nor 
Reverfed  j  for  here  again  there  is  a  diftindl  Reprefcntation  of  the  Obje6b  to 
be  received  on  a  Piece  of  Paper,  as  in  the  Focus  of  an  Objeft-GIafs ;  and  the 
Eye  being  placed  at  any  Time  at  this  Place  (which  is  ufually  caird  the  Diftind 
Bafe)  fees  all  in  Confufion:  But  then  let  the  Eye  be  placed  farther  from  this 
middle  Glafs  than  its  Focus,  and  it  perceives  theObjedb  erefl:  and  confufed 

Laftly,  The  third,  or  immediate  Eye-Glafs,  does  nothing  towards  the  E* 
reding  or  Revcrfing  the  Species,  which  it  receives  Eredb  from  the  middle  Eye- 
Glafe ;  no  more  than  in  a  Tclefcope  of  two  Convex-Glafles,  the  Eye-Glafi 
does  to  the  Species  it  receives  from  the  Objed-Glafs }  as  we  have  (hewn  before* 
The  Reafon  that  this  laft  or  immediate  Eye-Glafs  has  nothing  to  do  in  the 
Erefting  or  Reverfing  the  Species,  is  the  fame  as  in  the  Telefcope  of  two 
Convex-Glaffes,  viz.  The  Eye  placed  in  its  Focus,  and  therefore  fees  the 
Species  as  'tis  reprefented  in  the  Diftindt  Bafe ;  that  is,  the  Species  is  inverted 
in  the  Diftinft  Bafe  of  the  Obje6t-Glafs,  and  therefore  a  fingle  Convex  Eye- 
Glals  brings  it  to  the  Eye  Inverted  ;  but  in  the  Diftiftdt  Bafe  of  the  middle 
or  fecond  Eye-Glafs  the  Species  is  Ered,  and  therefore  the  third  or  immediate 
Eye-Glafs  brings  it  to  the  Eye  Ereft. 

Wherefore  we  are  to  confider  the  Telefcope  confifting  of  an  Objed-Glafi 
and  three  Eye-Glaffes,  as  two  Telefcopes,  each  confifting  of  two  Convex 
Glaffes.  The  firft  confifts  of  the  Objeft-GIals  and  firft  Eye-Glafs,  and  this 
inverts  the  Species ;  that  is,  the  Species  is  inverted  in  the  Diftind  Bafe  of 
the  Objeft-Glafs,  and  fo  brought  into  the  Eye,  The  fecond  Telefcope  con- 
fifts of  two  immediate  Eye-Glaffes,  and  this  Eredb  what  the  former  Invert- 
ed 'j  that  is,  the  Species  in  the  Diftind  Bafe  of  the  middle  Eye-Glafs  is 
Eredt,  and  is  fo  brought  into  the  Eye  by  the  Eyc-Glals ;  the  Eye-Glaffes 
themfelves  in  neither  Cafe  having  any  thing  to  do  with  the  Ereding  or  Invert- 
ing, but  merely  in  reprefenting  in  the  fame  Pofture  the  Species  immediately 
before  them.  So  that  one  Convex-Glais,  as  pofited  in  a  Telefcope,  Inverts ; 
the  fecond  (that  is,  the  firft  Eye-GJals)  does  nothing  towards  the  Ere&ing  or 
Reverfing,  but  reprefents  th6  Image  as  it  is  in  the  DiftinA  Bafe  of  the  Ob- 
jeft-Glafs  before  it,  that  is  Inverted  j  the  third  Glafs  Eredb,  or  rather  Re- 
.ftores,  what  was  before  Inverted;  the  fourth  'reprefeots  the  Image  as  it  re- 
ceives it  from  the  Diftindt  Bafe  of  the  third,  that  is^  Eredt. 


XIII. 
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XIII.  I.  Mr.  JuzouP^hz^  found  that  the  Apertures,  ^hi(ih  Optic-Glaffes^^^j**^^    • 
can  bear  with  Diilinfbnefs,  are  in  about  a  fubduplicate  Proportion  to  their^jidr.Ai^ilo^t. 
Lengths  :  And,  accordingly,  he  hath  made  the  following  Table.  Vu^'^^Vee?. 


Length 
Glajfes. 

Jpertures  for 

Lengths 

of 
Glajfes. 

Apertures  for 

Excellent 

Good 

Ordinary 

Excellent 

Good        Ordinary 

Feet.  In. 

In.  Lin. 

In.  Lin. 

In.  Lin. 

Feet.  In. 

In.  Lin. 

In.  Lin.' In.  Lin. 

1 

4 
6 

9 
1    © 

A 

5 

7 
8 

4 
5 
6 

7 

3 

4 

5 
6 

25 

30 
35 
40 

3       4 

3  8 

4  0 
4        3 

2  10 

3  .    2 
3       4 
3       7 

2  4 
2       7 

2  10 

3  I 

1  6 

2  0 

2  6 

3  0 

9 

II 

I        o 

I       I 

8 

10 

II 

I        o 

7 
8 

9 

10 

45 
50 

55 
60 

4        6 

4  9 

5  0 
5        2 

3  10 

4  0 
4        3 
4       6 

3  2 
3  4 
3  6 
3        8 

3  6 

4  0 

4  6 

5  0 

I         2 

'       4 
I       5 
I       6 

I       I 

I          2 

I       3 
I       4 

II 

I        o 
I       1 
I       I 

65 
70 

75 
80 

5       4 
5       7 
5       9 
5      iJ 

4        8 

4  10 

5  0 
5       2 

3  20 

4  0 
4  2 
4        5 

6 

7 
8 

9 

I      7 
I      9 

I       lO 

I     II 

1       5 
I       6 
I       8 

I       9 

I          2 

I      3 

I       4 
I       5 

90 
100 
120 
150 

6       4 
6       8 

I       ^ 
8       0 

5  6 

6  5 

7  0 

4        7 

4  10 

5  3 
5     " 

10 
12 

H 
i6 

2          I 
2         4 
2         6 
2         8 

2  lO 

3  o 

1  lO 

2  0 
2         2 

2        4 

I       6 
I       8 
I      9 

200 
250 
300 
350 

9       6 

10  6 

11  6 

12  6 

8  6 

9  2 
10       0 
10       9 

6  9 

7  8 

8  5 

9  0 

i8 

20 

2         6 

2       7 

2         ] 
2         2 

400 

»3        4 

"        5 

9       8 

^,*;  T*?!*  TJieory  of  Apertures  ieems  to  me  not  very  dear :  For  the  Aracc^gj^M^ 
Glafe  wiJl  endure  greater  or  Icffer  Apertares,  according  to  the  leffer  or  greater  x)'.Ho«k7 
Light  of  the  Objeftj  if  it  be  for  looking  Ion  the  Sun  and  Fenusy  or  for  feeing'**^''* 
the  Diameters  of  the  fixed  Stars,  then  fmailer  Apertures  do  better  j  if  for  the 
Moon  in,  the  Day-light,  or  on  Saturn,  or  Jt^ter,  or  Mars,  then  the  lar«eft. 
Thus  I  have  often  made  ufe  of  a  12  Foot  Glafs  to  look  on  Saturn  with  an 
Aperture  of  almoft  3  Inches,  and  with  a  fingle  Eyc-Glafs  of  2  Inches  double 
Convex  •,  but  when,  with  the  fame  Glafi,   I  looked  on  tht  Sun  or  Venus,  I 
ufcd  both  a  fmailer  Aperture,  and  Ihallower  Charge. 

XIV, 


(   200  ) 

tl^^'^J'  XifV.  1  hate  found  long  fince  a  Way  to  meafure^'  with  a  gttat  Tele(cope, 
S>»7fy'  *^^  Diftance  of  Objefts  upon  the  Earth  fronfi  one  Station.  The  PraAice  indeed 
M.  Anasout.  does  not  altogether  anfwer  the  Theory,  becaufe  that  the  Length  of  Ibe  Te!e- 
Dec!'iSi/x665.  fcopcs  admits  of  fome  Latitude ;  yet  one  comes  near  enough,  and  periiapsas 
juft  as  by  moft  of  the  Ways  ordinarily  uftd  with  Inftruments.  Thai  which  I 
am  propofing,  I  doubt  not  but  Mr.  Hook  will  foon  underftand,  and  fee  the 
Determination  of  all  Cafes  poffiblc.  I  fhall  only  fay.  That  if  we  look  upon 
the  fole  Theory,  we  may  make  ufe  of  an  ordinary  Telcfcope,  whereof  the 
Eye-Glafs  is  to  be  Convex:  For  by  putting  the  Glofiesat  a  little  greater  Di- 
ftance than  they  are,  proportionably  to  the  Diftanoe  for  which  it  is  to  fcrve, 
and,  by  adding  to  it  a  new  Eye-GIafs^  the  Objeft  will  be  feen  diftiuft,  the* 
obfcure  •,  and  if  the  Eye-Glafe  be  Convex,  the  Objefl:  will  appear  Ereft.  They 
may  be  done  two  manner  of  Ways  5  either  by  leaving  the  Telefcopein  its  or- 
dinary Situation,  the  Objeft-Glafi  bejfore  the  Eye-Glafij  or  by  invtrting  it, 
and  putting  this  before  that.  But  if  any  Will  make  ufe  of  twoObjedl-GIaflcs^ 
whereof  the  Focus's  are  known,  the  Diftances  of  them  will  be  known.  If  ic 
be  fuppofed,  that  the  Focus  of  the  firft  be  B,  and  that  of  the  fecond  C,  and 
the  Diftance  given,  B^-  2  D,  and  that  D — C  be  equal  to  F  %  for  this  Di- 
ftance will  be  e(5ual  to  B  -}-  C  -f-  F  —  r  F*  C*.  And  if  you  have  the  Focus 
of  the  firft  Objed-GIafs  equal  to  B,  the  Diftance  where  you  will  put  the 
fecond  Glafs,  equal  to  B-l-C  +  D,  the  Focus  of  the  fecond  Glafs  will  be 

CD 

found  equal  to  ^  .  ^»    And  if  you  will  that  the  Objeft  fliall  be  magnified 

as  much  with  thefe  two  Glafles  as  it  would  be  with  a  (ingle  one,  whereof  the 

Focus  ftiould  be  of  the  Diftance  given,  having  the  Focus  of  the  Objeft- 

Glafs  given  equal  to  B,  and  the  Diftance  given  to  B  -}-  D  j  the  Diftance  be* 

2  B*  -4-  2  B  D . 
tween  the  firft  and  fecond  Glafe  will  be  equal  to g   ,   ^ —  >    whence, 

B  D 

fubdudling  B  (the  Focus  of  the  Objcdl  given)  there  remains  — 5"7rn* 

And  if  this  Sum  be  compofed  equal  to  C,  we  fliall  eafily  know  by  the  pre-» 
cedent  Rule,  the  Focus  of  the  fecond  Glafs. 

tomakeaPUno-     XV.  Prepare  two  Glafles,  the  oneexadly  flat  on  both  Sides,  the  other 

convixGiafsofa&az  on  thc  onc  Sidc,  and  convex  on  che  other,  of  what  Sphere  you  plpsrfe. 

tfl^Rayllt^^  ^^  flat  Glafs  be  a  little  broader  than  the  other.     Then  let  there  te" 

great  pifiance  i  madc  a  Ccll  Or  Ring  of  Brafs,  very  exadly  turned,  into  which  tnefe  two 

N.^'^'^e^'    Glafles  may  be  fo  fattened  with  Cement,  that  the  plain  Surfaces  of  them  may 

N.  i»./»rioa.  lie  exaftly  parallel,  and  that  the  Cohvex  Side  of  the^lano-convex  Glafe  may 

&  An!  \llU'^^  inward  y  but  fo,  as  not  to  touch  the  Flat  of  thc  other  Glafs.     Thefe  being 

cemented  into  the  Ring  very  cJofely  about  the  Edgcs^  by  a  fmall  Hole  in 

the  Side  of  the  Brafs  Ring  or  Cell  j  fill  the  ifttcrpofed  Space  between  thefe 

two  with  Water,  Oil  of  Turpentine,  Spirit  of  Wine,  Saline  Liquors,  &c. 

then  flop  the  Hole  with  a  Screw :  And  according  to  the  diflfering  Refradtion 

of  the  interpofcd  Liquors^    fo  fliall  the  Focus  of  this  Compound  Glais  be 

longer  or  ftiorter.  i 

But 


(  ioi  ) 

BiK  this  I  would  have  only  look'd  upon  as  one  Inftance  of  many  ffor 
there  may  be  others)  of  thePoinbilicy  of  making  a  Glafs,  ground  in  a  fmaller 
%>berc,  to  conftitute  a  Telefcope  of  a  much  greater  Length :  Though  (not 
to  raife  too  great  Expcdtation^*  I  muft  add.  That,  of  Spherical  Objeft- 
Gteiies^  thofe.are  the  heft  which  are  made  of  the  gnrateft  Sphere,  and  whofc 
Sid^flbmce  hath  the  greateft  Refraftion. 

XVI.  I.  S.  Campani  pretends  to  have  found  a  Way  to  work  great  Optic-  Wefeopa sn^ 
Glajjis  with  a  Turn-tool,  without  any  Mould  :  And  that  he  ufeth  three  Eye-  c5j^?f^"c.n„ 
Glaffes  for  his  great  Telefcopes,  without  finding  any  Rainbow  Colours.  paniWDm- 

The  Great  Duke  of  Tufiany^  and  Prince  L^eopold  his  Brother,  upon  Trial  San  An.^/eVs- 
made  of  the  Glafles  of  Campani  and  Dfuini^  have  found  that  thofe  of  Campani  n.  8./.  131. 
carrel  the  odier ;  and  with  them  they  have  been  eafily  able  to  diftinguifh  Feo-  ^"*  ^"^  '^^^'^ 
pie  at  4  Leagues  Diftance. 

But  E^fiacbio  Divini  pretends,  that  in  all  the  Trials  made  with  them,  his  n.  i%,  p,  109. 
g^t  Gkfles  have  performed  better  than  thofe  of  Campani ;  and  that  Cam- 
pani  was  not  willing  to  do  what  was  neceflary  for  well  comparing  one  with 
die  other^  viz.  to  put  equal  ^ye^Glafies  in  them^  or  to  exchange  the  fame 
GlaUcs. 

2.  *Tis  now  above  ten  Years  fince  I  invented  a  peculiar  Way  of  grinding  ^^^Hcjefiui. 
Optie-GIafles,  and  reduced  it  alfo  into  Pra&iee ;  l^  which  'tis  ealy,  with-  nw.  aj)?i66s. 
out  any  confiderable  Danger  of  failing,   to  make  and  polifh  Optic-Glades 

of  any  Conic  SeStion^  and  that  (which  is  moft  notable)  in  any  EHfli  of  any 
3ei£tion  of  a  Sphere.    I  have  already  made  ieveral  Glafles  by  it,  which  ma* 
ay  learned  Men  have  feen  and  tried. 
Mr.  Huygens  alfo  intends  very  Ihcwtly  to  try  fomething  in  that  kind.  Sy  ill.  HojrgeM. 

3.  M.  du  Sons  doth  at  prefcnt  employ  himfelf  in  London^  to  bring  Tele.  ^''^Af.duSoM. 
icopes  to  Perfedion,  by  grinding  Glafles  o^  a  Parabolical  Figure.  I  have  leen  iitdp.  99. 
two  Eye-Glades  of  that  Shape,  about  one  Inch  and  a  half  deep,  and  one  Inch  p^rAn-VeeV 
and  a  quarter  broad,  wrought  by  this  eminent  Jrtiji  with  a  rare  Steel  Inftru- 

ment  of  his  own  Contrivance  and  Workmandiip,  and  by  himfelf  alfo  poIifti*4 
to  Admiration.  And  certainly  it  will  be  wondered  at  by  thofe,  who  ihall  fee 
tbefe  GiafTes,  how  they  could  be  truly  wrought  to  fuch  a  Figure,  with 
fuch  a  Cavity  5  and  yet  more,  when  they  Ihall  hear  the  Author  undertake  to 
crcavate  other  fuch  Eye-Glades  to  above  2  Inches,  and  Obje£t-GIad*es  of 
5  Inches  Diameter.  He  hath  likewife  already  begun  his  ObjeApGlafSss  for 
the  mentioned  two  ocular  ones^  of  the  fanne  Figure  of  about  2  Inches  Dia- 
1  ^ter,  which  are  to  be  kft  all  open,  yet  without  caufing  any  Colours. 

4.  The    Optic-GlafTes  of  M.  Burattini  in  Poland^  are   perfeftly  well  J^j^*"nt-  . 
1     >ught  andpolifli*d.     He  hath  lent  two  to  Paris^  but  they  are  only  the /."j^g.  t!i?'j,. 
<  c  of  10,  the  other  of  8  Foot,    They  bear  a  great  Apertarc  in  relpcfl:  of  ^  374* 

t  ar  Length. 

5.  Mr.  Fr.  Smetbwiak  having  found  a  Way  of  grinding  Glades  not  Spbe- 1;^  Afr.  Frandi 
§  »/,  produced  before  the  Royal  Society  C-R?^.  27.  1664;) certain  Specimina^^"^^^^ 

c    that  Invention  5  which  were,  a  Telefcope,  a  Reading,  and  two  fuming-   '^^  * 
C  J&%. 
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The  Telefcope  was  about  4  Foot  long,  furnifhcd  with  four  GJafles,  whem^ 
the  three  ocular  ones,  Plano-convex,  were  of  this  newly  invented  not^Spbericd 
Figure,  and  the  fourth  a  Spherical  Objeft-Glafs.    This  being  compared  with 
a  common,  yet  very  good  Telefcope,  longer  than  it  by  about  4  Inches,  and 
turn'd  to  feveral  Objefts,  was  found  by  thofe  of  the  faid  Society  that  looked 
through  them  both,  to  exceed  the  other  in  Goodnefs,  by  taking  in  a  greater 
Angle,  and  reprefenting  the  Objefts  more  exaftly  in  their  refpedive  Propor- 
tions, and  enduring  a  greater  Aperture  free  from  Colours. 

The  Reading- Glafs  of  the  fame  Figure  being  compared  with  a  common 
Spherical  Glafs  did  far  excel  it,  by  magnifying  the  Letters  to  whkh  it  was 
applied  up  to  the  very  Edges,  and  by  fhewing  them  diftinftly  from  one 
Brim  through  the  Center  to  the  other  ;■  which  the  Spherical  Glafs  came  far 
Ihort.of.  ...... 

Laftly,  The  two  burning  Concaves  of  this  new-invented  Figure,  were 
the  one  of  6  Inches  Diameter,  itS  Focus  3  Inches  diftant  from  the  Center 
thereof;  the  other  of  the  fame  Diameter,  but  lefs  Concave,  and  its  Focus 
10  Inches  diftant.  Thefc,  ,when  approached  to  a  large  Candle  lighted,  did 
ifomewhat  warm  the  Faces  of  thofe  that  were  4  or  5  Foot  diffant  at  leaft; 
and  when  held  to  the  Fire,  burned  Gloves  and  Garments  at  the  Diftance  of 
about  3  Foot  from  the. Fire. 

The  Bilhop  of  Salisbury^  Dr.  Sttb  Ward^  was  by  at  another  Time,  when 
the  deeper  of  the  two  Concaves  turned  a  Piece  of  Wood  into  FJame  in  the 
Space  of  10  Sec.  of  Time,  and  the  (hallower  in  5  Sec.  at  moft,  in  theSeafon 
oi  Autumn^  about  Nine  of  the  Clock  in  the  Morning,  the  Weather  gloomy. 
The  Inventor  adds.  That  the  deeper  Concave^  when  held  to  a  lucid  Body, 
would  caft  a  Light  ftrong  enough  to  read  by  at  a  confiderable  Diftance;  and 
that  expofing  the  fame  to  a  Northern  Window,  on  which  the  Sun  fhined 
not  at  all,  or  very  little,  he  had  perceived  that  it  would  warm  one's  Hand 
fenfibly,  by  collecting  the  warmed  Air  in  the  Day-time,  which  it  would  not 
do  after  Sun-fet. 
MyMArtijiMt       6.  Wc  havc  an  Artift  at  Paris  that  polifhes  Optic-GlalTes  on  a  Turn.    I 
J.'79's.^****'     have  fcen  a  Glafs  of  his  Workmanlhip,  which  is  very  good.    He  turns  thofe 
odt.  An.i66«.  GlaflTes  as  he  does  Wood,  that  is,  with  the  fame  Facility, 
By  M.  Boreiii.       J.  M.  BorelU  hath  found  out  a  fure  and  very  eafy  Method  to  work  all  forts 
AJig?Anf  i6?6'.  ^^  8^^^  Glafles.     He  hath  already  made  one  of  them  very  good  of  200 
*  Foot,  wrought  on  both  Skies  on  the  fame  Rule.     His  Defire  of  advandng 
Aftronomical  Difcoveries  hath  induced  him  to  make  Prefents  of  them  to  feve- 
ral Perfons  capable  to  make  ufe  of  theqa.     He  hath  entrufted  the  Secret  to 
one  of  the  Royal  Academy  of  Sciences. 
jJiyfA^Ve^s!'     Campani  and  Divini  have,  commonly  fold  their  GlafTes  at  a  Piftole  the  Foot. 
Sometimes  they  have  far  exceeded  that  Price,     One  of  Z)/w»/"s,  of  12  Foot, 
was  fold  for  400  Livres  ;  and  another  of  Cafnpani\  of  34  Foot,  for  2000 
Livres.     Notwithftanding  which,  S.  BorelU  is  willing  to  part  with  the  beft 
of  his  own  Glaffes,  of  50,  60,  or  65  Foot,  for  500  (French)  Crowns  ;  and 
the  fmall  Glafles,  from  6  to  12  Foot,    at  a  (French)  Crown  a  Foot ;  fix>m 
12  to  18,  at  half  a  Piftole ;  and  from  18  to  26,  at  a  Piftole. 

8.  Though 
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8.  Though  it  be  commonly  believed,   that  Rdck  Crx/iai  is  not  fit  for^^j^^^^J^  ^ 
Optic-Glaflcs,    bccaufe  there  are  many  Veins  in  it;  yet  Euftacbio  Dhini ^uA.Diyim. 
made  one  of  it,  which  he  faid  proved  an  excellent  one,   though  full  of  Sic!  a^!  Iwi. 
Veins :  But  perhaps  they  were  only  fuperficial  Stridhircs  and  flight  Scratches, 

[      not  Veins, 

9.  Drops  of  fair  Water  being  let  fall  on  a  Piece  of  plain  Glafe,  form  ^^^^^%^^^^^ 
fclvcs  into  Piano-convexes,  having  a  Convexity  proportionable  to  the  Heights cray/^^  " 
from  which  they  defccnd  -,  from  a  greater  Height  a  lels,  from  a  lefs  a  greater  Jj^-^*»^*^5»-^ 
Degree  of  Convexity.     I  applied  fome  of  thcfe  as  Reading-Glafles  for  fingk   *''     * '  ^' 
Words  of  fmall  Letters,  as  on  the  Globes  and  Maps,  and  found  no  other  In- 
convcniency,  than  that  the  Fluidity  of  the  Water  obliges  one  to  keep  the 
Glafs  Horizontal,  which  I  after  devifed  a  Way  to  remedy.     I  took  a  fuffici- 
cnt  Quantity  of  Ifing-Glafi,  and  diffolved  it  in  Water  over  the  Fire,  and 
vhilft  it  was  warm  I  dipt  a  Stick  into  the  Solution,  and  let  fome  Drops  of  it 
fell  on  the  Glafs  as  before ;  and  in  a  quarter  of  an  Hour  they  acquire  a  Con- 
fiftency,  that  permits  them  to  be  held  in  any  Pofition ;  and  though  they  are 
not  altogether  fo  tranfparent,  yet  this  is  little  or  no  Impediment  to  their  Ufe. 
The  Drops  of  this  Solution  are  more  exaftly  defined  tnan  thofe  of  common 
Water,  having  their  Edges  exaftly  circular ;  and  one  may  make  them  of  a 
much  longer  Focus  than  thofe. 

A  thin  flat  Ring  of  Brafs,  not  exceeding  4  Tenths  of  an  Inch.  Diameter 
in  its  interior  Circle,  being  cemented  to  a  plain  Piece  of  Glafs,  and  filled 
with  Water,  or  the  Solution  now  mentioned  5  then  by  prefling  the  Finger 
into  it,  *till  what  is  fuperfluous  be  taken  off,  there  will  be  formed  a  Plano- 
concave, which  may  ferve  as  an  Eye-Glafi  to  a  Perfpc6tive,  or  to  any  other 
optical  life  Concave  Glaffes  are  applicable  to. 

I  have  tried  what  would  be  the  Succefe  of  combining  Portions  of  Water 
by  die  help  of  Brafe  Rings,  and  plain  Pieces  of  Glafs,  to  give  them  their  true 
Figure  and  requifite  Apertures,  and  inferted  them  at  the  Ends  of  Tubes  of 
fcvcral  Lengths  -,  and  find,  that  though  thefe  Natural  Lentes  may  ferve  as 
Eye-Glafles,  yet  when  ufed  as  Objeft  ones,  either  to  Telefcopes,  or  double 
Microfcopes,  the  Efiefts  will  not  compenfate  the.  Trouble  there  is  in  ufing 
them. 

XVII.   r.  When  I  had  found,  ih^xUgbt  conftjis  of  Rays  different^  refran-'Tbi  Ad^awtastf 
gihle,  I  left  off  my  Glafs- works  5  for  I  faw,  that  the  Perfcftion  of  Tt\dcof^4iti%V 
was  hitherto  limited,  not  fo  much  for  want  of  Glaffes  truly  figured  according  «^/m  h 
to  the  Prefcriptions  of  Optic  Authors,  (which  all  Men  have  hitherto  ima-^j^^^^. 
gined)  as  becaufe  that  Light  itfelf  is  an  heterogeneous  Mixture  of  diffrentfyFib.  An!  967*. 
Refrangible  Rays:  So  tlut  were  a  Glafs  fo  exaftly  figured  as  to  collcft  any 
one  fort  of  Rays  into  one  Point,  it  could  not  coiled  thofe  alfo  into  the  fame 
Point,  which  having  the  fame  Incidence  upon  the  fame  Medium,  are  apt  to     • 
fuffer  a  difiercnt  Rcfraftion.     Nay,  I  wondered,  that  feeing  the  Difference      . 
of  Refrangibility  was  fo  great  as  I  found  it,  Telefcopes  fliould  arrive  to  that 
Perfcdtion  they  are  now  at:  For^  meafuring  the  Refradlions  in  one  of  my 
Ftifinst  I  found,  that  fuppofing  the  common  Sine  of  Incidence  upon  one 
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oT  itt  Plarres  was  44  Parts,  tht  Sincof  RefraaionoFtheutmoftRaySonthe 
red  Ertd  of  the  Colours,  marfe  out  of  the  Gla6  into  the  Air,  would  be  68 
Parts,  and  the  Sine  of  Rcfiradion  of  the  utmoft  Rays  on  the  other  End  69 
Parts  •,  fo  that  the  Difference  is  about  a  24th  or  25th  Part  of  the  whofe  Re- 
fraftion.  And  confequently,  the  Objeft-Glafsof  any  Telcfcope  cannot  coi- 
led: all  the  Rays  which  come  from  one  Point  of  an  Objed,  lb  as  to  make 
them  converse  at  its  Focus  in  Icfs  room  than  in  a  circular  Space,  whofe  Diameter 
is  the  50th  Part  of  the  Diameter  of  its  Aperture ;  which  is  an  Irregularity, 
fome  hundreds  of  times  greater,  than  a  circularly  figured  Lens^  of  fo  fmall  a 
Scdionas  the  Objeft-Glaffesof  longTelefcopcs  are,  would  caufe,  by  the  Un- 
fitnefi  cif  its  Figure,  were  Light  nniform. 

This  made  me  take  Refleftions  feto  ConfideratJon  ;  and  finding  them  re- 
guJar^  ft  that  the  Angle  of  Refiedtion  of  all  fort  of  Rays  was  equal  to  their 
Angle  of  Incidence^  I  underftockl  that  by  their  Mediation  Optic  Inftruments 
might  be;  brought  to  any  Degree  of  Perfi^Slion  imaginaWe,  provided  a  reflcft- 
ing  Subfliance  cdtild  be  found,  which  would  poiifli  as  finely  as  Glafs,  and 
refled  as  much  Light  as  Gla&  tranfmits,  and  the  Art  of  communicating  to 
it  a  parabolic  Figtwe  be  alfo  attained.  But  thefe  feemed  very  great  Diffi- 
culties, and  1  have  almoft  thought  thenfi  infuperable,  when  t  farther  confiderM 
that  every  Irregularity  in  a  reflefting  Superficies  makes  the  Rays  ftray  five  or 
fix  times  more  out  of  their  due  Courfe,  than  the  fike  Irregtdarities  in  a  refraft- 
jngoiiiet  So  that  a  much  greater  Curioflty  would  be  here  requifite,  than  in 
figuribg  Gl^cs  for  Refraftidn. 

Amidft  thefe  Thoughts  I  was  forced  from  Cambridge^  Anno  1666,  by  the 
intervening  Plague,  and  it  was  more  than  tWo  Years  before  I  proceeded  fur- 
ther. But  then  having  thought  on  a  tender  way  of  polifhing,  proper  for 
Metal,'  whereby,  as  I  imagined,  the  Figure  would  be  correftcd  to  the  laft, 
i  be^n  to  cry  what  might  be  elFedted  in  this  kind,  and  by  degrees  fo  far  per- 
fefted  an  Irfftrument  (in  the  eflential  Parts  of  it  like  that  I  fent  to  London) 
by.  which  I  couW  dif<^ern  Jupiter*^  four  Concomitants,  and  (hewed  them  di- 
vers tim«s  to  two  others  of  my  Acquaintance.  I  could  alfo  difcerh  the  Moon- 
like Fbafe  of  Vinus^  but  not  very  diftinftly,  nor  without  fome  Nicenefi  in 
difpofingthe  Inftrument. 

From  that  time  I  was  interrupted  till  this  laft  Autumn^  when  I  made  another. 
And  3s  that  was  fenfibly  better  than  the  firft  (elpecially  for  Day-Obje6b)  fo  I 
doubt  not,  but  they  will  be  ftill  brought  to  a  much  greater  Perfe<aioli  by 
their  Endeavours,  who,  as  yoo  inform  trie,  are  taking  Care  about  it  at 
London. 
A  mo  CMttOi'     2.  This  new  Inftrument  is  compofed  of  two  Metallinfe  S^ulums,  the  one 
TJ^idh'^'^^^^^^  (inftead  of  an  Objedt-Grafs)  the  other  Plain :  and  alfo  of  a  fmall  Piano- 
'mt.  Newton,    couvcx  Eyc-Glafs  J  as  in  the  Figure,  where  A  B  is  a  CbncaVe  Speculum,  of 
^^J^j^^-j^^^'^which  the  Radius  or  Seftiidkmeter  is  12^  or  13  Inches. 
fig,  59.  ^  *     C  D,  another  Metalline  Speculum,  whofe  Surface  is  flat,  and  the  Circuov* 
ferencexyvak 

GD,  an  Iron  Wire,  •hoWingaRingof  Brafs,  m  whith  the  Speculum  CD 

F,  a 
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'  F,  a  fmallEyc-Cjlals,  flat  above,  and  convex  below,  of  the  12th  Part  of  an 
Inch  Radius,  if  not  lefs. 

GGG,  the  fore  Part  of  the  Tube  (which  is  open)  fattened  to  a  Brafs  Ring 
H  I.  10  keep  it  immoveable. 

JPQKL,  the  hinder  Part  of  the  Tube,  fattened  to  another  Brals  Ring 

O,  an  Iron  Hook  fattened  to  the  Ring  Ring  P  Q^  and  fiirnifhed  with  a  Screw 
N,  thereby  to  advance  or  draw  back  the  hinder  Part  of  the  Tube,  and  fo  by  that 
means  to  put  the  Specula  in  their  due  Diftance. 

.  MQpI,  a  crooked  Iron  fuftaining  the  Tube,  and  fattened  by  the  NailR 
to  the  Ball  and  Socket  S,  whereby  the  Tube  may  be  turned  every  Way. 

The  Center  of  the  flat  Speculum  C  D,  mutt  be  placed  in  the  fame  Point 
of  the  Tube's  Axe,  where  falls  the  Perpendicular  to  this  Axe,  drawn  to  the 
feme  from  the  Center  of  the  little  Eye-Glafs ;  which  Point  is  here  marked 
atT. 

And  to  give  the  Reader  fome  Satisfaftion  to  underttand  in  what  Degree  it 
rcprefents  Things  diftinft,  and  free  from  Colours,  and  to  know  the  Aperture 
by  which  it  admits  Light,  he  may  compare  the  Dittances  of  the  Focus  E  from 
the  Vcrtcxes  of  the  fittle  Eye-Glafs  and  the  Concave  Speculum ;  that  is,  E  F, 
i  of  an  Inch,  and  E  T  V,  6  f  Inches  -,  and  the  Ratio  will  be  found  as  i  to  38  5 
whereby  it  appears,  that  the  Objefb  will  magnified  about  38  times ;  and  be 
rcprefented  bigger  by  2  i  times  in  Diameter,  when  feen  thro*  this,  than  thro* 
an  ordinary  Telefcope  of  about  two  Foot  long. 

Thus  far  as  to  the  Strufture  of  this  Telefcope.  Concerning  the  metalline 
Matter,  fit  for  thefe  Refleding  Speculums,  the  Inventor  hath  alfo  confidered 
the  fame,  and  gives  this  Caution,  that  whilft  Men  feek  for  a  white,  hard, 
and  durable  metalline  Compofition,  they  refolve  not  upon  fuch  an  one  as  is 
full  of  fmall  Pores,  only  difcoverable  by  a  Microfcope  :  For  tho*  fuch  an  one 
may,  to  Appearance,  take  a  good  Polifli,  yet  the  Edges  of  thofe  fmall  Pores 
will  wear  away  fatter  in  the  polifhing,  than  the  other  Parts  of  the  Metat^ 
and  fo,  however  the  Metal  feem  polite,  yet  it  fliall  not  refleft  with  fuch  ai^ 
accurate  Regularity  as  it  ought  to  do.  Thus  Tin-Glafs  mixt  with  ordinary 
BcH-Metal  makes  it  more  white,  and  apt  to  reflefl:  a  greater  Quantity  of 
Dght  5  but  withal,  its  Fumes  raifed  in  the  Fufion,  like  fo  many  aerial  Bab- 
bles, fill  the  Metal  fiiU  of  the  microfcopical  Pores.  But  white  Arfenick  both 
Wanches  the  Metal,  and  leaves  it  folid,  without  any  fuch  Pores,  efpecially^  if 
the  Fufion*  hath  not  been  too  violent.  What  the  Stellate- Regulus  of  Mars  (which 
I  have  fometimes  ufed)  or  rather  fuch  like  Subftance,  will  do,  deferves  parti- 
\t  Examination. 

;'o  this  he  adds  this  further  Intiniatiai,  that  Putty,  or  other  fuch  like 

i^der,  with  which  it  is  poliftied,  by  the  ftiarp  Angjes  of  its  Particles,  fret- 

h  the  Metal,  if  it  be  not  very  fine,  and  fills  it  full  of  fuch  fmall  Holes  as  he 

cakcth  of.  Wherefore  Care  muft  be  taken  of  that,  before  Judgment  be  givent, 

hcthcr  the  Metal  be  throughout  the  Body  of  it  porous  or  not. 

But  not  having  tried,  as  he  faith,  mapy  Proportions  of  the  Arfenick  AnA 

...ctal,  he  dofes-ttot  affirm  which  is  abfoliitcly  beff,  but  thinks  there  ma/  con- 

'       -  teniefitljf 
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venicntly  be  ufcd  any  Quantity  of  Arfenick  equalling  in  Weight  between  a 
fixth  and  an  eighth  Fart  of  the  Copper  ;  a  greater  Proportion  making  the 
Metal  brittle. 

The  Way  which  he  ufed  was  this  :  He  firft  melted  the  Copper  alone,  then 
put  in  the  Arfenick,  which  being  melted,  he  ftirred  them  a  little  together^ 
bewaring,  in  the  mean  time,  not  to  draw  in  Breath  near  the  pernicious  Fumes. 
After  this  he  put  in  Tin  -,  and  again,  fo  foon  as  that  was  melted  (which 
was  very  fuddenly)  he  ftirred  them  well  together,  and  immediately  poured 
them  off. 

He  faith,  he  knows  not,  whether  by  letting  them  ftand  longer  on  the  Fire 
after  the  Tin  was  melted,  a  higher  Degree  of  Fufion  would  have  made 
the  Metal  porous ;  but  he  thought  that  Way  he  proceeded  to  be  the  fafcft. 

He  adds,  that  in  the  Metal,  which  he  fent  to  London^  there  was  no  Arfenick, 
but  a  fmall  Proportion  of  Silver ;  as  he  remembers,  one  Shilling  in  three 
Ounces  of  Meul.  But  he  thought  withal,  that  the  Silver  did  as  much  harm 
in  making  the  Metal  foft,  and  fo  lefs  fit  to  be  polilhed,  as  good  in  rendering 
it  white  and  luminous. 

At  another  time  he  mixed  Arfenick  one  Ounce,  Copper  fix  Ounces,  and  Tin 
two  Ounces  -,  and  this  an  Acquaintance  of  his  hath,  as  he  intimates,  polifhed 
better  than  he  did  the  other. 

As  to  the  Objedtion,  that  with  this  kind  of  Perfpcftives,  Obje6b  are  diffi- 
cultly found  J  he  anfwers.  That  that  is  the  Inconvenience  of  all  Tubes  that 
magnify  much ;  and  that  after  a  little  Ufe,  the  Inconvenience  will  grow  lels, 
feeing  that  himfelf  could  readily  enough  find  any  Day  ObjeAs,  by  knowing 
which  way  they  were  pofited,  from  other  Objefts  that  he  accidenully  faw  in  it. 
But  in  the  Night,  to  find  Stars  he  acknowledges  it  to  be  more  troublefome  j 
which  yet  may,  in  his  Opinion,  be  eafily  remedied  by  two  Sights  affixed  to 
the  Iron  Rod,  by  which  the  Tube  is  fuftaincd,  or  by  an  ordinary  Perfpedive- 
Glafi  fattened  to  the  fame  Frame  with  the  Tube,  and  direded  towards  the  fame 
Objeft  5  as  Bes  Cartes  in  his  Dioptrics  hath  delcribed,  for  remedying  the 
fame  Inconvenience  of  his  beft  Tclefcopes. 
j^providiyM.  3*  ^  ^^^  ^7  ^^^  Dcfcnption  you  have  fent  me  of  Mr.  Newton^ s  admirable 
ttineupdeZu-'Telefcope,  that  he  hath  well  confidered  the  Advantage  which  a  Concave 
ikhan.  Bid.  p.  Speculum  hath  above  Cbnvex-Glaffes  in  colleding  the  parallel  Rays  \  which 
certainly,  according  to  the  Calculation  I  have  made  thereof,  is  very  great. 
Hence  it  is,  that  he  can  give  a  far  greater  Aperture  to  that  Speculum,  than 
to  an  Obje&>Gla&  of  the  fame  Diftance  of  the  Focus ;  and  confequently,  that 
he  can  much  more  magnify  Objects  this  Way,  than  by  an  ordinary  Tclefcope. 
Befides,  by  it  he  avoids  an  Inconvenience,  which  is  infeparable  from  Convex 
Objed^Glafles,  which  is  the  Obliquity  of  both  their  Surfaces,  which  vitiatcth 
the  RefraAion  of  the  Rays  that  pais  towards  the  Sides  of  the  Glals,  and 
does  more  hurt  than  Men  are  aware  of.  Again,  by  the  mere  Reflexion  of  the 
metalline  Speculum  there  are  not  fo  many  Rays  loft  as  in  Giafies,  which  ^^ 
i]ed:  a  confiderable  Quantity  by  each  of  their  Surfaces,  and  befides  intercept 
many  of  them  by  the  Obfcurity  of  their  Matter. 

Mean  time  the  main  Bufinefi  will  be*  to  find  a  Matter  for  this  Speculum 
that  will  bear  fo  good  and  even  a  Polifli  as  GUfies,  aiid  a  Way  of  giving  this 
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Poliih  without  vitiating  the  Spherical  Figure.  Hitherto  I  have  found  no  Spe- 
cula  that  had  near  fo  good  a  Polifh  as  Glafs :  And  if  Mr.  'Newton  hath  not 
already  found  a  way  to  make  it  better  than  ordinarily,  I  apprehend  his  Te- 
Jefcope  will  not  fo  well  diftinguifli  Objeds  as  thofe  with  Glaflcs.  But  'tis  worth 
while  to  fearch  for  a  Remedy  to  this  Inconveniency,  and  I  defpair  not  of  finding 
one.  I  believe  that  Mr.  Newton  hath  not  been  without  confidering  the  Ad- 
vantage, which  a  Parabolical  Speculum  would  have  above  a  Spherical  one  in  this 
Conftruftion  ;  but  that  he  defpairs,  as  well  as  I  do,  of  working  other  Surfaces 
than  Spherical  ones  with  due  Exadnefs ;  tho*  elft  it  be  more  eafy  to  make  a 
Parabolical,  than  Elliptical  or  Hyperbolical  ones,  by  reafon  of  a  certain  Pro- 
priety of  the  Parabolic  Conoid,  which  is,  that  all  the  Seftions  parallel  to  the 
Axis  make  the  fame  Parabola. 

But  though  Mr.  Newton  (with  M.  Hugens)  defpairs  of  performing  that  Work  ^'^  P*  ^ 
by  Geometrical  Rules,  yet  he  doubts  not  but  that  the  thing  may  in  fbme  mea- 
fure  be  accomplifhed  by  mechanical  Devices.    *       " 

4.  In  my  laft  Letter  I  gave  you  occafion  to  fufpeft  that  the  Inftrument  which  Ajkrtbtr 
Ifent  you  is  in  fome  refpe6t  or  other  indifpofed,  or  that  the  Metals  are  tar-  ^u^rLm- 
nilhed ;  and  by  yours  I  am  fully  confirmed  in  that  Opinion :  For,  whilft  I  had  ^/Mr.Newttm! 
it,  iireprefented  the  Moon  in  fome  Parts  of  it  as  diftinftly  as  other  Telefcopcs 
ufually  do  which  magnify  as  much  as  that.  Yet  I  very  well  know,  that  that  In- 
ftrument hath  its  Imperfcftions  both  in  the  Compofition  of  the  Metal,  and  in 
its  being  badly  caft,  as  you  may  perceive  by  a  fcabrous  Place  near  the  Mid- 
dle of  the  Metal  of  it  on  the  poliftied  Side,'  and  alfo  in  the  Figure  of  that 
Metal  near  that  fcabrous  Place :  And  in  all  thofe  Re(pe6ts  that  Inftrument  is 
capable  of  further  Improveniient. 

You  leem  to  mtimate,  that  the  Proportiotf  of  38  to  i^  holds  only  for  its 
magnifying  Objefts  at  fmall  Diftances.  But  if  for  fuch  Diftances,  fuppofe 
500  Feet,  it  magnify  at  that  Rate,  by  the  Rules  of  Optics  it  muft  for  the 
greater  Diftance  imagmable  magnify  more  than  37  |  to  i,  which  is  fo  incon- 
fiderable  a  Diminilhing,  that  it  may  be  even  then  as  j8  to  i . . 

Here  is  made  another  Inftrument  like  the  former,  which  does  very  well. 
Ycfterday  I  compared  it  with  a  fix  Foot  Telefcope,  and  found  it  not  only  to 
magnify  more,  but  alio  more  diftindly  :  And  to  Day  I  found,  that  I  could 
read  in  one  of  the  Philofophical  Tranfaftions,  placed  in  the  Sun*s  Light,  at 
100  Foot  Diftance,  and  that  at  120  Foot  Diftance  I  could  dilcern  fome 
of  the  Words.  When  I  made  this  Trial,  its  Aperture  (defined  next  the  Eye) 
^s  equivalent  to  more  than  an  Inch  and  a  third  Part  of  the  Objetf):- Metal. 
y^h  may  be  of  fome  Ufe  to  thofe  that  ftiall  endeavour  any  thing  in  Refleftions ; 
i!  bereby  they  will  in  fome  meafure  be  enabled  to  judge  of  the  Goodnefs  of 
tl    "  Inftruments. 

I  know  that  the  Aperture  was  i  f  of  an  Inch,  by  trying  that  an  Ob-^4jj''ft«* 
i)  de  of  that  Breadth  was  requifite  to  intercept  all  the  Light  which  came  from  ^lefei^Lnit$i 
0    Point  of  the  Objcft.  ^^^;  ^cwton- 

fhould  tell  you  alfo,  that  the  little  plain  Piece  of  Metal  next  the  Eye-Glafi  a^i^'aa.  x67«. 
is  ot  truly  figured :  Whereby  it  happens,  that  Objefts  are  not  fo  diftindt  at 
tl    Middle  as  at  the  £dg^§.     And  I  hope  (hat  by  correcting  its  Figure  (in 

which 
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which  I  find  more  Difficulty  than  one  would  expe<5t)  they  will  appear  all  over 
diftind,  and  difiinder  in  the  naiddle  than  at  the  Edges.  And  I  doubt  not  but 
that  the  Performances  will  then  be  greater.     . 

But  yet  I  find,  that  there  is  more  Light  lofl:  by  Refledion  of  the  Metal 
which  I  have  hitherto  ufed,  than  by  Tranfmiflion  through  Glaflib :  For  which 
Reafbn  a  fhallower  Charge  would  probably  do  better  for  obfcure  Obyefb  i  (up« 
pofe  fuch  a  one  as  would  magnify  34  or  32  times.  But  for  bright  Objefb  at 
any  Diflancey  it  feems  capable  of  magnifying  38  or  40  times,  with  fufficlent 
DiilinAnefs.  And  for  all  Objedls,  the  fame  Charge,  I  believe^  may  with 
Advantage  be  allowed,  if  the  fieely  Matter,  employed  at  London^  be  more 
ilrongly  refie£tive  than  this  which  1  have  ufed. 

The  Performances  of  one  of  thefe  Inftruments  of  any  Length  being  known, 
it  will  appear  by  this  folbwing  Table,  what  may  be  cxpefted  fi-om  thofe  of 
other  Lengths  by  this  Way,  if  Art  can  accomplifh  what  is  promiled  t:^  the 
Theory.  In  the  fiirft  Column  is  exprelTed  the  Length  of  the  Telefcope  in 
Feet ;  which  doubled,  gives  the  Semidiameter  of  the  Sphere  on  which  the 
Concave  Metal  is  to  be  ground.  In  the  fccond  Column  arc  the  Proportions  of 
the  Apertures  for  thofe  fcveral  Lengths.  And  in  the  third  Column  arc  the 
Proportions  of  the  Charges,  or  Diametei*  of  the  Spheres,  on  which  the  Convex 
Superficies  pf  the  Eye-GlafTes  are  to  be  ^und. 


Ltngtks. 

Aftrtttret. 

Charpu 

L4ngtbs. 

Jptrtura., 

CJufrgft. 

> 

100 

100 

8 

800 

200 

I 

168 

119 

10 

946 

211 

2 

*8j 

141 

1% 

1084 

221 

3 

383 

157 

16 

1345 

238 

4 

476 

16$ 

80 

1591 

251 

5 

56a 

178 

*4 

1824 

A63 

6     1 

645  1 

186 

The  Ufe  of  thia  Table  will  beft  appear  by  E^pampk :  Soppofe  therefore  a 
half  Foot  Telefcope  may  diftinftly  magnify  30  tinie$  with  an  I|ich  Aperture^ 
end  it  being  required  to  know,  what  ought  tp  be  the  analo^us  Conftitudon  and 
Perforoiance  of  a  four  Foot  Telefcope :  Bf  the  jecond  Column,  as  ipo 
to  476  $  £)  are  the  Apertures,  as  alio  the  Number  of  Times  which  thef 
magnify.  And  confibquently  lince  the  half  Foot  Tube  bath  an  Inch  Aper«, 
ture  and  magnifieth  30  times,  a  four  Foot  Tube  proporti<Mially  fhould  havf: 
4^:14  Inches  Aperture,  and  magnify  143  times.  And  by  the  third  Column^ 
as  100  to  168  ;  fb  have  their  Charges .  And  therefore  if  the  Diaooeter  of  the 
Convexity  of  the  Eyc-Glafi  for  a  half  Foot  Telefcope  be  f  of  an  Inch  j  that 
for  a  four  Foot  ftould  be  '^44^  that  is  abowjt  ^  of  an  Inch  i  and  fo  of  other 
Lengths.  But  what  the  Event  will  really  be,  we  mud  wait  to  &t  determined 
by  Experience.  Only  this  I  thought  fit  to  infinuate,  that  they  which  intend 
to  make  Trial  in  other  Lengths,  may  more  readily  know  how  to  defign  their 
Inftruments.  Thus  for  a  four  Foot  TubCt  fwce  thp  Aperture  fljwld  tie  5  or  $ 

Inches^ 
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Inches,  there  Will  be  required  a  Piece  of  Metal  7  or  8  Inches  broacl  at  leaft;^ 
bccaufc  the  f'igare  •vrtll  fcarcely  be  true  to  the  Edges.  And  the  Thick- 
nds  of  the  Metal  mnft  be  proportional  to  the  Breadth,  left  it  bend  in  tlvK 
Grinding.  The  Metials  being  polifhed,  there  may  be  Trials  made  with 
fcveral  Eye-Glaires,  to  find  what  Charge  may  with  beft  Advantage  be  made 
ufc  of. 

XVIII.  I.  I  doubt  not  but  M.  A,  will  allow  the  Advantage  of  Re- Som oijeaiMt 
Beftion  in  the  Theory  to  be  very  great,  when  he  Ihafl  have  informed  him-  "^f^^^.^ 
felf  of  the  different  Refrangibility  of  the  feveral  Rays  of  Light.     And  for  A^r.  Ncwt'an. 
thc.prafdtick  Part,  it  is  in  fome  Meafure  manifeft  by  the  Inftruments  already  '^'  ^"♦^J** 
Jhade,  to  what  Degree  cf  Vivacity  and  Brightnefs  a  metalline  Subftance  may 
bepolifticd.     Nor  is  it  improbable  but  that  there  may  be  new  Ways  of 
poliftriilg  found  out  fof  Metal,  which  will  far  excell  thofe  that  arc  yet  in 
Ufe.    And  when  a  Metal  is  once  well  polilhed,  it  will  be  a  long  while 
preferved  from  tarniftiihg,  if  Diligence  be  ufed  to  keep  it  dry  and  clofc  fhut 
up  from  Air :  For  the  principal  CSufe  of  Tamifhing  feems  to  be  the  conden- 
fingof  Moifture  on  its  poliflied  Surface,  which,  by  an  acid  Spirit,  wherewith 
the  Armofphere  is  impregnated,  corrodes  and  rufts  it  j  or  at  leaft  at  its  exhaling 
leaves  it  covered  over  With  a  thin  Skin,  Confifting  partly  of  ^n  earthly  Sediment 
of  that  Moifture,  and  prtly  of  the  Dull,  which,  flying  to  and  fro  in  the  Air, 
had  fettled  tod  adhered  to  it. 

Where  there  is  not  occalion  to  make  freqXient  Ufe  of  the  Inftrument, 
there  may  be  other  Ways  to  preferve  the  Metal  for  a  long  time  ;  as  perhaps 
by  immei^^ng  it  in  Spirit  of  Wine,  or  fome  other  convenient  Liquor.  And 
it  they  chaace  to  tarnifh,  yet  their  Poliihmay  be.r«€av«redby  numbing  them 
with  a  foft  Piece  of  Leather,  or  other  tender  Silbftanoe,  without  the  Afliftance 
of  any  fretting  Powders,  unlcfs  they  happen  to  be  rufty  \  for  then  they  muft 
be  new  poliftied. 

I  am  very  fenfible,  that  M^tal  refiefts  lefs  Ljght  than  Glafe  tmnfmits  \  and 
for  that  Inconveniefice,  I  ^ave  you  a  Remedy  in  my  laft  Letter*  by  afligning  a 
IhalloWer  Charge  in  Proportion  to  the  Aperture,  than  is  ufed  in  other  Tele- 
icopes.  But  as  I  h&ve  found  fome  metalline  Subfiancea  to  be  more  ftrongly 
reBcAite,  zxA  to  pdli(h  better,  and  be  freer  from  camiihing  than  others ;  fo 
I  hope  there  may  iik  time  be  found  out  fome  Subftaii£e  muj^h  freer  from  thefe 
Inconvenienci^  thah  any  yet  known. 

2,  The  Conftderer  is  pleafed  to  reprehend  me  for  laying  afide  the  Thoughts  rbeC(mfiJirati<m 

1     uiiproTtng  Optics  by  Refradions.     If  he  had  obliged  aie  by  a  private  J^^^T^"^^^. 

:er  on  this  Occafion,  I  would  have  acquainted  him  with  my  Suecefs  on  Nemon.  n.ss! 

1      Trials  1  have  made  of  that  kind,  which,  I  fliall  now  fay,  have  been  lefs  than  ^Jj^^^\^  ^ 

metimes  cxped-ed,  4ahd  perhaps  than  he  at  prefent  hopes  for.  But  fincc 
1  isjpleafed  to  cake  it  for  granted,  that  I  have  let  this  Subject  pais  without 
(  Examination,  I  (hall  refer  him  to  my  former  Letters,  by  which  that 
(  ijei^ure  will  appear  to  be  ungrounded.  For  what  I  faid  there  was  in 
I  xrA  of  Telefcopes  of  the  ordinary  Conftruftion,  fignifying,  that  their 
1  aroTcmcnt  is  not  to  be  expefted  from  the  well  figuring  of  Glaffes,  as  Opti- 
on. I.  Ee  clans 
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cians  have  imagined ;  but  I  defpaired  not  of  their  Improvement  by  other 
Conftruftions,  which  made  me  cautious,  to  infert  nothing  that  might  iDtimate 
the  contrary.  For  akhough  fuccefllve  Rcfraftions  that  are  all  made  the  fame 
Way,  do  neceflarily  more  and  more  augment  the  Erroris  of  the  firft  Refla- 
tion ;  yet  it  feemed  not  impoffible  for  contrary  Refraftions  fb  to  correft 
each  other's  Inequalities,  as  to  make  their  Difference  regular ;  and  if  that  could 
be  conveniently  effefted,  there  would  be  no  further  Difficulty.  Now  to 
this  end,  I  examined  what  may  be  done,  not  only  by  Glaffes  alooe,  but 
more  cfpecially  by  a  Complication  of  divers  fucceflive  Mediums,  as  by  two  or 
more  Glaffes  or  Chryftals  with  Water  or  fomc  other  Fluid  between  them  5 
all  which  together  may  perform  the  Office  of  one  Glafs,  efpecially  of  theOb- 
jeft-Glafs,  on  whofe  Conftruftion  the  Perfeftion  of  the  Inftrument  chiefly 
depends. 

To  the  Affertion,  that  Rays  are  lefs  true,  refle6tcd  to  a  Point  by  a  Con- 
cave, than  refrafted  by  a  Convex,  I  cannot  affent ;  nor  do  I  underftand, 
that  the  Focus  of  the  latter  is  a  lefi  Line  than  that  of  the  former.  The 
Truth  of  the  contrary  you  will  rather  perceive  by  the  following  Table^ 
computed  for  fuch  a  reflefting  Concave,  and  the  refrafting  Convex,.,  on 
Suppofition  that  they  have  equal  Apertures,  and  colleft  parallel  Rays.  at.  an 
equal  Diftance  from  their  Vertex;  which  Diftance  being  divided  into 
15000  Parts,  the  Diameter  of  the  Concave  Sphere  will  be  60000  of  thofe 
Parts,  and  of  the  Convex  loooo ;  fuppofing  the  Sines  of  Incidence  and  Rev 
fraction  to  be,  in  round  Numbers,  as  2  to  3.  And  this  Table  following 
ihews,  how  much  the  exterior  Rays,  at  feveial  Apertures,  fall  fhort  of  their 
principal  Focus. 


The  Diam- 
teroftbt 
Aperture. 

the  Parts  of  the  Axis  in- 
tercepted between  the 
Vertex  and  the  Rays. 

The  Errors  by 

Repaed. 

Re/raffed.    RefleHien. 

RefraSiim. 

2000 

4QOO 

6000 

8000 

1 0000 

1499 »f 
14966 

149.24 

14865 

14787 

14865 

14449 
13699 

12475 
9472 

8t 

76 

135 
213 

135 

1 301 

2525 
5528 

By  this  you  may  perceive,  that  the  Errors  of  the  refradUng  Convex  * 
fo  far  from  being  Icfs,  that  they  are  more  than  1 6  Times  greater  than  the  li 
Errors  of  the  rcfleding  Concave,  efpecially  in  great  Apertures ;  and  tlu 
without  refped  to  the  heterogeneous  Conftitution  of  Light.     So  that,  how 
ever  the  contrary  Suppofition  might  make  the  Author  of  thefe  Animadve 
fions  lejeft  Rcflcftions  as  ufclefs  for  the  promoting  of  Optics;  yet  I  mi: 
for  ttiis,^  as  well  as  oiher  Confiderations^  prefer  them  in  the  Theory  bcfoi 
Rcfra&ions, 
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Whether  the  ParahoU  be  more  difficult  to  defcribe  than  the  Hyperbola^  or 
EMi^s  may  be  a  Query ;  but  I  fee  no  abfolute  Neceffity  of  endeavouring 
afterany  of  their  Etefcriptions.  For  if  Metals  can  be  ground  truly  Spheri-. 
cal,  they  will  bear  as  great  Apertures,  as  I  believe  Men  will  be  well  able  to 
communicate  an  exadt  PoliQi  to.     And  for  Dioptrique  Telefcopes,  I  told  .    . 

you,  that  the  Difficulty  conQfted  not  in  the  Figure  of  the  Glafs,  but  in  the 
Dlfformity  of  Refraftions ;  which  if  it  did  nor,  I  could  tell  you  a  better  and 
more  cafy  Remedy  than  the  Ufe  of  the  O^/V  iS^ff/^«i. 

3.  We  fee  that  a  Pifture  made  by  an  Objeft-Glafs  of  12  Foot  in  a  dark  o*/<^'^«j  h 
Room,  istoodiftind,  and  too  well  defined,   to  be  produced  by  Rays,  that  J!' 96!^  6087- 
fliould  ftray  the  5Cth  Part  of  the  Aperture.  juy,  ao.  1673. 

To  take  away  this  Difficulty,  I  muft  acquaint  you,  that  though  I  put  An/werrd  hy  ^ 
the  greateft  Lateral  Error  of  the  Rays  from  one  another  to  be  about  .^  of  ^''-  '''y'^^no. 
the  Glafs's  Diameter;  yet  their  greater  Error  from  the  Points  on  which  they  oa.  An.  1673! 
ought  to  fell,  will  be  but  ^l^  of  that  Diameter :  And  then,  that  the  Rays, 
whoie  Error  is  fo  great,  are  but  very  few  in  Coiliparifon  to  thofe,  which  are 
leftaded  more  juftly ;  for  the  Rays  which  'fall  'upon  the  middle  Parts  of  the; 
Cta&j  are  refmded  with  fuffident  Exa6lnefs,  as  alfo  are  thofe  that  fall  near 
tbeF^meter,  and  have  a  mean  Degree -of  Refrangibility,  fo  that  there  re- 
maio  only  the  Rays  which  fall  hear  the  Perimeter,  and  are  mdfl  or  leaft  re- 
frangible, to  caufc  any  fenfible  Corifufion  in  the  Pifture.     And  thefe  are  yet 
fo  much  further  weakened  by  the  greater  Space  through  which  they  are  fcat- 
tcred,  that  the  Light:  which  falls  on  the  due  Point,  is  infinitely  more  denfe  '^ 

than  that  which  falls  on  anj^  bther  Point  round  about  it.  And  by  this 
EjBCcfe  of  Denfity,'  the  Light  ^hich  falls  in  or  invifibly  near  the  juft  Point, 
may,  I  conceive,  ftrike  the  Senforium  fo  vigoroufly,  that  the  Imprels  of  the 
weak  Light,  which  errs  round  about  it,  fhall,  in  Comparifon,  not  be  ftrong 
enough  to  be  animadverted,  or  to  caufe  any  more  fenfible  Confufion  in  the 
Pifture  than  is  found  by  Experience.  But  if  this  fatisfy  not,  N.  may  try, 
if  he  pl^ie,  how  diftinft  the  Pifture  will  appear,  when  all  the  Lens  is  co- 
vcr'd,  excepting  a  little  Hole  next  its  Edge  on  one  Side  only :  And  if  in  this 
Cafe  he  pleafe  to  meafure  the  Breadth  of  the  Colours  thus  made  at  the  Edge 
of  the  Sun's  Pifture,  he  will  perhaps  find  it  to  approach  nearer  to  my  Pro- 
portion than  he  expefts. 

4.  I  am  fatisfied  with  the   manner  whereby  Mr.  Newton  reconciles  tht  a  Reply  fy 
Effeft  of  Convex- Glafles  with  hisTheory;  but  then  he  is  alfo  to  acknow- ^;  ™*g"™ 
ledge,  that  this  Aberration  of  the  Rays  is  not  fo  difadvantageous  to  Optic- 
^'-^'^cs,  as  he  fecms  to  have  been  willing  to  make  us  believe.     His  Invention 

,^ry  good)  but  the  Dcfeft  of  the  Metal  feems  to  render  it  as  impoffible 
execute,  as  the  Difficulty  of  the  Form  obftrufts  the  Ufe  of  the  Hyperbole 
M.  Des  Cartes. 

^M.  N pleafes  to  compare  the  Errors  of  a  Glafs  and  Sptzuhim  Anfwred,  iy 

.^  coUeft  Rays  at  equal  Diftances,  he  will  find  how  much  he  is  miftaken  ;  ^'^^^l''\^^ 
d  that  I  have  not  been  extravagant,  as  he  imagines,  in  preferring  Refle- juiy,  An.  vtjp 
ons.     And  sis  for  what  he  fays  of  the  Difficulty  of  the  Praxis^  I  know  it  is 
y  difficult ;  and  by  thofe  Ways  which  he  attempted  it,  I  believe  it  im- 
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pradlicable.  9ut  thgr^  a  a  Wa<|r  iofmuatei  aboFe*  by  wHicI^  itt  i^  mC  impro* 
bable,  but  that  as  miich  m^%  be  done  in.  brge  TeleJS^opes  3$  I  iiam  tbecebjr 
done  in  fhort  ones ;  but  yet  not  without  more  than  ordinary  Diligmoe  ud. 

Curiofity. 

>  Cata^Ditftrf-'     XIX.  I.  M,  Gafegrain  has  communicated' the  Figufe  of  aToIeftope^  al^ 

fy  mSi      xnoft  like  that  of  Mr.  Newti^n. 

grain.  N.  83.         A  B  C  D  js  a  ftfong  Tube^  in  the  bottom  of  which  there  ift  a  great  Guv- 

May/la.  167*.  ^^^"^^^  SpecklumCVf  pierced  ia  the  middle  E. 
>4.joo.  F  is  a  Convex  Speculuin^  fo,  difpofed,  as  to  its  C^nvexirji^  that  \t  TtBnBtA 

the  Species,  which  it  receives  from  the  great  Speculum*  (owafd»  tihe  Hole 
E,  where  is  an  Eye-GJafs,  which  one  lookeih  through. 

The  Advantage  which  1  find  in.  this  loftrument  aibovc  that  of  Mr.  Nem^ 
ton^  is,.  1.  That  the  Maujkor  Apertura  AB  of  ihfl^  Tube  may  be  of  what 
Bignefs  you  pleafe  \  and  confequendy  you  may  have  many  more  Rays  dpoi» 
the  Concave  Speculum^  than  upon  that  of  which  you  have  givcir  us  iheDb^ 
fcription.  2.  The  Refleftioa  of  ihe  Rays  will  be  very  natural^  fince  it  will 
be  made  upon  the  Axis  itfelf,  and  therefore  nrorc  vivid*  3.  Tho  Vifion  oS 
it  will  be  fo  much  the  more  pleafing,  in  that  you  ihall  not  be.  innmnnodBdi 
by  the  great  Light,  by  reafon  of  the  botton^  C  D^  whiclr  hideth  the  wjiole 
Face.  Befides,  you'll  have  lefs^DifBculty  in  difcoverin^  the  Qbjcdb^  thaitm 
that  of  Mr.  N&ufton. 

gr^*^^  2.  When  I  firft  applied  myfelf  to  tiy  the  Effefta of  Bitfledions,  Mr.  Gre^ 

mlp?!^sv  g(fry*%  OpHca  Promota  (printed  in  the  Year  1663^)  bwig  faUeir  into  my  Hands^ 
tvhere  there  is.  an  Inftrument  (defcribed;^.  04.)  like  that  of  Mr,.  Cagigrainy 
with  a  Hole  in  the  midft  of  the  Objed  Nletal,  to  tmnfmjt  the  Light  to  «» 
Eye-Glafs  placed  behind  it ;  I  had  thenco  an  Occafion  of  conSdering  that  kft . 
of  ConftrudtionS)  and  found  thefe  Diiad vantages  in  it  v  t»ap.  i.  There  will  bo 
more  Light  loft  in  the  Metal  by  Refledion  from  the  litde  Convex  Speculum^ 
than  from  the  oval  Plane.  For  it  is  an  obvious  Obfervation,  That  Light  is 
moll  copioufly  reflected  from  any  Subftance  when  incident  moft  obliquely, 
a.  The  Convex  Speculum  will  not  refleft  the  Rays  fo  truly  as  the  oval  Plane, 
'  Ainleis  it  be  of  an  hyperbolic  Figure ;  which  is  incomparably  more  diflkule 

I  to  form  than  a  Plane ;  and  if  truly  formed,   yet  would  only  refleA  thoft 

;  Rays  truly  which,  rcfpedt  the  A»s.     3.  The  Errors,  of  the  &id  Convex  will 

be  too  much,  augmented  by  the  too  great  Diftance,  through  which  the  Rays 
TcfJeded  from  it  muft  pafs,  before  their  Arrival  at  the  Eye-Glafi.    Fo^ 
which  Reafon,  I  find  it  convenient  to  make  the  Tube  no  wider  than  is 
cefTary^  that  the  Eye-Glafs  be  placed  as  near  to  the  oval  Plane  as  is  pofBl 
without  obftrufting  any  uieful  Light  in  its  PafTage  to  the  Objedt-M^i 
4.  The  Errors  of  the  Objed-Metal  will  be  more  augmented  by  Refle&ion  fit] 
the  Convex  than  from  the  Plane,  becaufe  of  the  Inclination  or  Deflexion  of  tl 
Convex  on  all  fides,  from  the  Points  on  which  every  Ray  ought  to  be  ir 
cident.     5.  For  thefe  Reafons  there,  is  requifite  an  extraordinary  Exaftn 
in  the  Figure  of  the  little  Convex  >  whereas  I  find  by  Experience  that  it 
much  more  difficult  to  communicate  an  en&  Figurs  to  fuch  fmall  Pieces  t 
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Mctaf,  than  to  tliofe  thnt  are  greater.  €.  Bccaufe  the  Errors  of  the  Perimc- 
fer  of  the  Concave  Objea-Meta>,  eaufed  by  the  Sphcricalnefs  of  its  Figure^. 
areimich  augmented  by  the  CTonvex,  it  will*  nor  with  Diftinftnefs  bear  fo 
large  an  Aperture  as  in  the  other  Conftruftion.  7.  By  rcafon  that  the  little 
Convex  conduces  very  much  to  the  magnifying  Virtue  of  the  Inftrumcnt^ 
which  the  oval'  Plane  does  not,  it  will  magnify  much  more  in  Proportion  ta 
the  Sphere,  on  which  the  great  Concave  is  ground,  than  in  the  other  De- 
fign;  and  fo  magnifying  Objefts  much  morie  than  it  ought  to  do  in  Propor- 
tion to  its  Aperture,  ir  miift  reprcfent  them  Very  obfcure  and  dark  ;  and  not 
only  fcs  but  alio  confufbd;  by  reafon  of  its  being  over-charged.  Nor  is  there 
any  convenient  Remedy  for  this.  For  if  the  little  Convex*  be  made  of  ^ 
higer  Sphere,  chat  will  caufe  a  greater  Inconvenience,  by  intercepting  too 
many  of  the  beft  Rays ;  or  if  the  Charge  of  the  Eye-Glafs  be  made  fo  much 
ftallowcr  as  is  neceflarry,  the  Angle  ofvifion  will  thereby  become  fo  IittJe„ 
that  it  wiU  be  very  dimcult  and  troub'kfome  to  find  an  Objcft;  and  of  that 
OWeft,  when  found,  there  will  be  but  a  very  fmall  Part  feen  at  once. 

By  this  you  niay  perceive,  that  the  three  Advantages,  which  Mr.  Cajfe^ 
grain  propounds  to  himfelf,  are  rathet  Difadvantages.  For  according  to  h'i% 
Dcfign,  me  Aperture  of  the  Inftrument  will  be  but  fmalJ,  the  Objpft  dark, 
and  confbfed,  and  alfo  difficult  to.  be  found.  Nor  do  I  fee,  why  the  Re- 
flcftion  is,  more  upon  the  fame  Axis,  and  fo  more  natural  in  one  Cafe  thaa  ia 
the  other ;  flnce  the  Axis  itfelf  is  refle6ked  towards  the  Eye  by  the  oval 
Plane,  and  the  Eye  may  be  defended  from  external  Light,,  as  well  at  the 
Side  as  at  the  Bottom  of  the  Tube. 

Mr.  Gregory  faking  of  thefe  Inftrumcnts,  in  the  aforefaid  Book,  p.  95. 
&th ;  I  (hall  iay  nothing  about  the  Mechanifm  of  thefe  Sjf>ecula  and  Len/eSy 
which  has  been  tried  in  vain  by  others ;  and  as  to  mjfelf,  I  am  but  litde 
vwfed  in  Mechanics.  So  that  there  have  been  Trials  made  of  thefe  Tele- 
ftopes,,  but  yet  in  vain.  And  I  am  informed,  that  about  7  or  8  Years  fince^ 
Mr.  Gregory  himfelf,  at  London^  eaufed  one  of  6  Foot  to  be  made  by  Mr. 
Rehfej  which  I  take  to  have  been  according  to  the  aforefaid  DeGgn  defcribed 
in  his  Book  >  but,  though  made  by  a  ikilful  Artift,  yet  it  was  without 
Succels. 

XX.  S.  SahetH  hath  made  a  Pi-ofpeffive-Glafi according  to  Mr.  Newton's  ref^ffy''^ 
new  Invention.    It  was  not  above  half  a  Foot  long,  but  had  the  fame  Effedt  of  5.«aifctd. 
one  of  two.    He  is  noW  making  another  after  the  Conceit  of  Mr.  Cajfegfain^  s^t*  Aa!  ISt*! 
I     Eigh  he  agrees  not  with  him  in  making  Convex  the  little  Speculum,  which 
I      looks  into  through  the  Eye-GJafs,  but  believes  the  French  Author  only 
i    i£d  that  to  difguife  as  much  as  was  poflible  his  pretended  new  Invention^ 
1    ch  he  endeavours  to  n^ke  anterior  to  Mr.  Newton^s  mod  noble  one. 

lI  1.  Oppofite  to  the  Place  or  Wall,  whene  the  Apparition  is  to  bei.7a-MArfA.jp/. 
J  a  Hole  be  made  of  about  a  Foot  in  Diameter,  or  bigger :.  If  there  be  a  ^^{^^ar ,« 
I  h  Window,  that  hath  a  Cafement  in  it,  *twill  be  fo  much  the  better. -^^*'*^*f 
^    ithout  this  Hole  or  Caiement  opened,  at  a  convenient  Dillance  (that  it  ^.  (i^^^^u 
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may  not  be  perceived  by  the  Company  in  the  Room)  place  the  Pldare  or 
^  Objeft,  which  you  will  reprefent  inverted,  and  by  means  of  Looking^ 
GJafles  placed  behind,  if  the  Pidure  be  tranfparent,  refleft  the  Rays  of  the 
Sun  fo,  as  that  they  may  pafs  through  it  towards  the  Place  where  it  is  to  be 
reprefented  •,  and  to  the  End  that  no  Rays  may  pafs  befides  it,  let  the  Pidure 
be  encompafled  on  every  Side  with  a  Board  or  Cloth.  If  the  Objcd  be  a 
Statue,  or  feme  Living  Creature,  then  it  mull  be  very  much  enlightened  by 
cafting  the  Sun- Beams  on  it  by  Refradion,  Refledion,  or  both.  Between 
this  Objed  and  the  Place  where  'tis  to  be  reprefented,  therd  is  to  be  placed 
a  broad  Convex- Glafs,  ground  of  fuch  a  Convexity,  as.tbaJ;  it  may  reprefent 
the  Objed  diftind  on  ,the  faid  Place  ;  which  any,  one,  tb^tf  hath.an  Infight 
in  the  Optics,  may  eafily  dired.  The  nearer  it  is  placed  to"  the  Objed,  the 
more  is  the  Objed  magnified  on  the  WaH,  and  thp.  fprth^r  off  the  Jefc  i 
which  Diverfity  is  effeded  by  Glafles  of  fcveral  Spheres.  \  If  the  Objed  can- 
not be  inverted  (as  'tis  pretty  difficult  to  do  with  Living*  Animals,  Candles,. 
6f^.)  then  th^re  muft  be  two  large  Glafles  of  convenient  Spheres,  and  they 
placed  at  their  appropriated  Diftances  (which  are  very  eafily  found  by  Trials) 
fo  as  to  make  the  Reprcfentations  ered,  as  well  as  the  Object. 

Thefe  Objeds,  Refleding  and  Refrading  Glafles,  and .  the  wKole  Appa- 
ratus; as  alfo  the  Perfons  employed  to  order,  change,  and  make  ufc  of  them,, 
muft  be  placed  without  the  laid  high  Window  or  HoIe>  fo  that,  they  may 
not  be  perceived  by  the  Spedators.  in  the  Room;  and  the  whole  Operation 
will  be  eafily  performed.  .     .  ^  ■ 

Whatfoever  may  be  done  by  means  of  the  Sun-Beams  in.  the  Day-timCt 

the  fame  may  be  done  with  much  more  cafe  in  the  Nighty  jby  the  help  of 

Torches^  Lamps,  or  other  bright  Lights,  placed  about  the  Objeds,  accord- 

ing  to  the  feveral  Ibrts  of  them. 

TbuMagick  .2.  There  are  everywhere  made  of  thefe  Lanthorns  to  reprefent  and  mag- 

prX-^'^h^s'tr    ^^^y  Figures  upon  a  Wall ;  but  th^n  'tis  only  in  the  Dark:  wherefore  to  give 

Rob.  Southwell.  Variety  of  Colours,  take  Oil  of  Spike,  and  therein  mix  the  leveral  Colours, 

oa?An.^i6^s.'  wherewith  you  will  have  your  Glafs  to  be  ftained;  paint  them  finely  on,  they 

dry  prefently,  and  penetrate  any  Glafs.  .     ' 

yiivaytobtip        XXII.  Having  found  by  many  Trials,  that  fome  (hort-fighted  Perlbns 

^^^^C^f'  could  find  little  or  no  Relief  by  the  Ufe  of  Concave- Glafles  for  feeing  Ob- 

Pb.ccii,         jeds  at  any  Diftance  diftind,  and  that  any  one  may  be  made  fhprt-fighted, 

^Jm^iIu.  ^^*^  ^^  ^  ^^'^  ^^  diftinguifli  nothing  but  what  is  placed  very  near  his  Eye, 

but  within  certain  Limits  of  Diftance,  by  putting  on  and  looking  through  a 

very  deep  Pair  of  Spedacles,  fuch  as  ancient  Men  ufe:  I  concluded  th   : 

what  Glafles  ftiould  make  this  Man,  whilft  looking  thro*  thefe  Spedacles,  i  > 

fee  Things  at  a  greater  Diftance,  would  alfo'help  any  other  Perfon  that  flioui  ; 

,     be  fhort-fighted  by  Nature.     I  then  confider'd,  that  by  the  help  of  a  Co   . 

vex- Glafs,  placed  between  the  Objed  and  the  Eye,  the  Image  of  the  O    • 

jed  may  be  made  to  appear  at  any  Diftance  from  the  Eye  ;  and  confequenL 

nil  Objeds  may  thereby  be  made  to  appear  in  any  convenient  Diftance  froi  i 

the  Eye :  So  that  the  Ihort-fighted  Eye  ihall  contemplate  the  Pidure  of  t'  i 

Objc(   , 
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Ot>)eft,  ift  the  fame  minncr  as  if  the  Objc6t  itfelf  were  in  that  Place.  But 
then,  bccaufe  the  Pifturcs  themfelves  are  fo  inverted,  and  therefore  will  be 
uncouth  to  one,  not  ufed  to  fee  them  in  that  Pofture,  I  confidcr'd  of  thcfe 
Expedients  to  help  that  DefeA  alfo : 

Firft^  If  it  be  only  for  reading,  of  a  Book,  or  Writing,  there  needeth 
nothing  but  the  Inverlion  of  the  Book,  and  then  holding  the.  Convex  at  a 
doe  Diftancc ;  for  the  Pidture  of  the  Letters  will  appear  erefted  in  the  due 
Place,  for  the  Eye  to  fee  and  diftinguifli  them  very  plainly. 

Secondly  J  For  feeing  to  write,  I  thought  this  would  be  the  beft  Expedi- 
ent, That  the  Pcrfon  fhort-fjghted  ihould  firft  learn  to  read  with  his  naked 
Eye  (both  printed  Letters  and  alfo  written  Hand)  upfide  downwards,  which 
is  quickly,  attained  to  by  one  that  can  do  both  the  right  Way. 

fbirdly^  For  diftinguiftiing  Objefts  at  a  Diftance,  I  can  aflert  by  my 
own  Experience,  that  with  a  little  Ufe  of  Qontemplating  Objcds  inverted, 
one  (haU  have  as  good  an  Idea,  and  a»  true  a  Knowledge  of  all  manner  of 
Objeds,  as  if  they  were  feen  eredted  in  their  natural  Pofture. 

XXIII.  r.  EuSachio  Divini  hath,  made  a  Microfcope  of  a  new  Invention, jrf/V«f«^«j  by 
\      wherein,  inftead  of  an  Eye-Glals  Convex  on  both  Sides,  there  are  two  Piano-  n.^'J!  1'  g+i. 
Convex-Giafles,  which  are  fo  placed,  as  to  touch  one  another  in  the  middle  Dk.ao.' 1668* 
of  their  Coavex  Surface.     It  hath  this  Peculiar,  that  it  fhews  .  the  Objefts 
flat  and  not  crooked ;  and  although  it  takes  in  much,  yet  neverthelefs  mag- 
nifiech  extraordinarily. 

It  is  almoft  16^  Inches  high',  and  adjufted  at  four  different  Lengths.    In 

die  firft,  which  is  the  leaft,  it  fhews  Lines  41  times  bigger  than  tiicy  appear 

tt>  the  naked  Eye -,  in  the  fecond  90  times;  in  the  third  1 11  times  \  and  in 

;      the  fourth  143  times:  Whence  one  may  eafily  calculate  how  much  itaug- 

[.      ments  Surfaoes  and  Solidities. 

2.  S.  Sahetfi  lately  Ihcw'd  one  of  his  Microfcopes,.  made  in  Imitation  of  ^^  s.  Piet.  s*i- 
Aoft  of  Divini  and  Campania  to  the  Great  Duke  of  Tufcany^  which  was  judged  ^^"1;^^;  ^^' 
by  all  much  better  than  any  of  the  beft  his  Highnefs  hath.     It  was  found,, da.  aq.  1672* 
for  Magnifying,  Defining,  and  Cleamefs,  to  be  very  excellent. 

3.  M.  Leeuwenbotck  hath  lately  contrived  Microfcopes,  excelling  thofe  that  i^r  m.  Lcea- 
have  been  hitherto  made  by  Euftacbio  Dtvini^  and  others.  n!°9'*^^6o37. 

4.  I  have  Microfcopes  of  the  manner  lately  brought  out  of  Holland  by  May.  An.  1673. 
Mr.  HyygenSy  of  feveral  Fafliions  ready  made.    I  have  tried  feveral  Ways  forf^dl^N.^"-'' 
die  making  of  Glafies  of  the  Bignefs  of  a  great  Pin's  Head  and  lefs ;  as  in  the  p- 1026. 
r  .nc  of  a  Tallow-Candle,  and  of  one  of  Wax.     But  the  beft  Way  of  all  ^' ""'  ^^'^^^ 
I    ive  yet  found,  to  make  them  clear  and  without  Specks,  is  with  the  Flame 
c    jpirit  of  Wine  well  redified,  and  burned  in  a  Lamp.     Inftead  of  Cotton 
1    lake  ule  of  very  fmall  Silver- Wire,,  doubled  up  and  down  like  a  Skefn  of- 
*;    read;  which  being  wet  with  the  Spirit  of  Wine,,  and  made  to  burn  int 
I     Lamp,  giveth  through  the  Veril  of  the  Lamp,  a  very  ardent  Flames 
1    en  take  your  beaten  Glafs,  being  firft  waffaed  very  clean,  upon  the  Point. 
c    a  Silver  Needle  filed  very  jfmall,  and  wet  with  Spittle.     Hold  it  thus  in. 
t     Flame  till  it  be  quite  round,  and  00  longer,  for  fear  of  burning  it ;  and. 

if 
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IF  the  fide  of  the  GbTstiext  tibe  Nccdte  be  jnot  jndted,  yoD  nitypot  *  ^^ 
and  take  it  up  wicli  cbe  Needle  on  the  round  fide,  pfefeneitigxhe  nng|h  Tide 
to  the  Flame,  till  it  be  every  where  round  and  fmooth,  thai  wipe  and  ruAi 
one  or  feveral  of  them  together  with  foft  leather,  which  niafces  them  macb 
the  better.  Then  put  them  between  two  Eicocs  of  chin  Bnifs,  the  Apertufes 
very  round  and  without  Bur,  and  that  towards  the  Eye  fo  big  iUoioll  la  the 
Diameter  of  theGlafs,  and  fo  placed  in  a  Frame  with  cheObjeft  convenMidy 
for  Obfervation, 
By  Mr.  Stephen  5.  I  toolc  a  fmall  Partide  of  Glafs,  about  the  Bignefs  I  defigned  my  Gk>- 
f.^%t "''  bule,  and  laying  it  on  the  End  of  a  Charcoal,  I  couM,  .by  the  Heip  of  4 
jiine,  aa.  1626.  Blaft-Pipe,  with  the  Fhmie  of  a  Candle,  foon  meh  it  into  a  Spherule ;  and 
by  this  means  could  make  them  indi€S;rently  clear,  and  the  finalleft  v^ery 
round,  and  I  could  make  them  much  larger,  than  by  the  unaSAed  Meat  of 
the  Candle:  birt  thefe  latter  were  attended  widi  an  Incom^cnience}  they 
were,  on  that  fide  that  relied  on  the  Coal,  flatted,  and  received  a  rough 
Impreffion  from  it.  To  remedy  this  Inconvenience,  1  was  wont  to  grind 
them  and  polifli  them  on  a  Brafs-PIane,  and  fo  reduce  them  to  Hemil|)he« 
rules  ;  but  I  found  the  dear  fmall  GlotuleSy  not  to  xnentioa  chac  they  aiag- 
nify  more,  (hew  Objeds  naore  diftin<^y. 

jt Heater  Micro-     XXIV.  I.  A  B,  I  Call  thc  Fwme  of  the  Microfcope.    It  may  be  about 

SheKy.    tV  of  an  Inch  in  Thicknefs.     At  A  there  h  «  fmall  Hofc^  ©ear^iof  an  Inch 

N.22i.>>.28i.  Diameter;  this  ferves  for  the  Aperture  of  the  Water,  being  in  the  Center  of 

w.ai3-^353'  ^  ]aTgtr  Spherical  Cavity,  about  4.  of  an  Inch  Diameter,  And  in  Depdi  ibme- 

what  more  than  half  the  Thicknefs  of  the  Brafi.    Oppofite  M  this,  at  Che 

other  fide,  there  is  another  Concave,  but  half  the  Breadth  of  thd  fortneri 

**•  *°*'      which  is  fo  deep,  as  to  reduce  the  Ciicumference  of  the  fmall  Htele  in  the 

Center,  to  almoft  a  fliarp  Edge.  In  thefe  Cavities  the  Water  is  to  be  placedi 

being  taken  upon  a  Pin,  or  large  Needle,  and  conveyed  into  them  till  there 

be  formed  a  double  Convex  Lens  of  Watery  whkrh,  by  the  Concaves  being 

of  difftrcnt  Diameters,  will  be  equivalent  to  a  double  Cowveie>  of  unequal 

Convexities.     By  this  means,  I  find  the  Objcd  is  rendered  tj^wc  diftinft 

than  by  a  Plano-convex  of  Water,  or  by  a  double  one,  fbnmed  on  the  plain 

Surface  of  the  Metal. 

C  D  E,  rs  the  Supporter,  whereon  to  place  the  Objcft;  if  it  be  Walcr, 
in  the  Hole  G  i  if  a  folid  Objed,  on  the  Pomt  F.  This  is  (ix'd  to  the  Frame 
of  the  Microfcope  by  the  Screw  E,  where  'tis  bent  upwards,  that  its  upper 
Part  may  ftand  at  a  Diftance  from  the  Frame :  'tis  moveable  on  the  Scr  "^ 
as  a  Center,  to  the  end  that  either  the  Hole  C,  or  the  Point  F,  mny  be  i 
pofed  before  the  Microfcope  %  and  that  the  Obje^  may  be  brought  to,  ft 
fixM  in  its  Focus.    There  is  another  Scnew,  about  halt  an  Inch  in  Lengi 
which  goes  through  the  round  Plate  into  the  Frame  of  the  Microicc 
.    A  E,    the  Screw  and  Plate  taking  hold  Of  the  Supporter  about  D,  wh« 
there  is  a  Slit  fomewhat  larger  than  the  Diameter  of  the  Screw,  which    1 
requifite  for  the  Admiffion  rf  the  Hole.  C,  or  Point  F,  according  to  t    : 
Natuie  of.  (he  Objcdt,  into  the  Focus  of  the  Glafs »  for  by  turning  the  Sere 

G,  th 
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G,  the  Supporter  is  carried  to  or  from  the  fame ;  which  may  be^  fooner  done, 
if  whilfl:  one  turns  the  Screw  with  one  Hand,  the  other  hold  the  Microfcope 
by  the  End  B,  and  one  continue  looking  through  the  Water  till  tlic  Objcd 
befeen  mod  diftin<aiy. 

The  Supporter  muft  be  made  of  a  thin  Piece  of  Brafs  well  hammered,  that 
by  its  Spring  it  may  the  better  follow  the  Motion  of  the  Screw.  I  choie 
rather  to  fix  the  Supporter  by  the  Screw  E,  than  by  a  Rivet ;  becaufe  it 
nay  now,  by  heJp  of  a  Knife,  be  unfcrew*d,  and  by  the  other  Screw  G, 
be  brought  clofe  to  the  Frame  of  the  Microfcope  without  weakening  its 
Spring,  and  fo  become  more  conveniently  portable.  If  the  Hole  at  G  be 
filled  with  Water,  but  not  fo  as  to  be  Spherical,  all  Objefts  that  will  ||ear 
it,  are  feen  therein  more  diftindly. 

2.  Having  obferv'd  fome  irregular  Particles  in  Globules  of  Glafs,  and  find-  ^""!^^^[' ^^'^^^^ 
Ingthem  diftind,  but  prodigioufly  magnified,  when  held  clofe  to  the  Eye;  •**^'^''  *' 
I  concluded  that  if  I  conveyed  a  fmall  Globule  of  Water  to  my  Eye,  and 
that  there  were  any  opacous  or  Icfs  tranfparent  Particles  than  the  Water  there- 
in, I  might  fee  them  diftinftly.  I  therefore  took  on  a  Pin  a  fmall  Portion 
of  Water,  which  I  knew  to  have  in  it  fonie  minute  Animals,  and  laid  it  on 
the  End  of  a  fmall  Piece  of  Brafs  Wire  (that  lay  then  by  me)  of  about  ^V  of 
an  Inch  Diameter,  till  there  was  formed  fomewhat  more  than  an  Hemilphe-  , 
lulc  of  Water ;  then  keeping  the  Wire  ereft,  I  applied  it  to  my  Eye,  and 
Handing  at  a  proper  Diftancc  from  the  Light,  I  law  them  and  fome  other 
irregular  Particles,  as  I  had  predidled,  but  moft  enormoufly  magnified  j  for 
whereas  they  are  fcarce  difcernible  by  my  Glafi-Microfcopes,  or  fir  ft  Aque- 
oos  one,  within  the  Globule  they  appeared  not  much  different  both  in  their 
Form,  nor  Icfs  in  Magnitude  than  ordinary  Peafe.  They  cannot  well  be  ken 
by  Day-light,  except  the  Room  be  darkened  after  the  manner  of  the  famous 
Dioptrical  Experiment,  but  moft  diftinftly  by  Candle-light ;  they  may  be 
very  well  feen  by  the  full  Moon-light.  If  the  Water  be  conveyed  into  the 
Hole  B  (which  may  be  about  ^V  of  an  Inch  Diameter)  till  there  remain  near  n,  223./.  355. 
an  Hemifpherc  of  Water  on  each  fide  of  the  Hole,  the  Objeds  are  feen  more 
diftindly  ;  and  the  Spherical  Form  of  the  Water  is  this  way  better  fccured, 
than  on  the  Point  of  a  Pin-Wire; 

The  Reafbn  of  this  Appearance  may  be  thus  explained.     Let  the  Circle  n- "'-^^^s- 

D  B  B  D  reprefent  a  Sphere  of  Water,  A  an  Objeft  placed  in  its  Focus, 

fending  forth  a  Cone  of  Rays,  two  of  which  are  A  B,  A  B,  which.  Opticians    ^i-  ^oa- 

know,  coming  into  the  Water  at  B  and  B,  will  be  refrafted  trom  their  direft 

Ciurfe,  and  become  BD,  BD;  at  D  they  will,   at  their  paffing  into  the 

A  r,  be  again  rcfrailed  into  D  E,  D  E,  and  fo  run  parallel  to  one  another, 

ar  i  to  the  Axis  of  the  Sphere  A  F  C'G.     Now  'tis  a  known  and  fundamental 

Pj  incipic  in  Optics,  that  the  Angle  of  Reflexion  is  equal  to  the  Angle  of 

Inidence:  wherefore  let  the  RaysBD,  B  D,  be  imagined  to  come  from 

fo  ae  Point  of  an  Objeft  placed  within  a  Sphere  of  Water,  by  being  re- 

fle  icd  from  the  interior  Surface  of  the  Sphere  at  B  B ;  C  B  D  is  the  Angle  of 

R<  flexion;  to  which  making  C  BF  equal,  F  will  be  the  Place  where  an  Ob*- 

jei   fending  forth  a  Cone  ol  Rays,  two  of  which  are  F  B^  FB,  which  are 

/oL.I,  Ff  reflcdted 
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reflefted  into  the  Rays  B  D,  B  D,  and  then  conaing  to  the  other  fide  tKe 
Sphere  at  D  and  D,  they  are  refraftcd  into  D  E,  D  E,  as  before ;  and  con- 
fcquentJy  be  as  fit  for  diftind  Vifion,  whether  the  Objcft  be  placed  in  F 
within,  or  in  A  without  the  Sphere,  if  its  interior  Surface  be  confidered  as  ai 

Concave  Reflcfting  Speculum, 

Micrcjcopes  tm^  XXV.  Ffom  thc  DiftintfHon  I  have  clfewhere  given  between  Confounded 
irco'd;  byi*ir,  and  Uncompounded  CokurSy  I  take  occafion  to  comnHinicate  a  Way  for  the 
w!7ri.  5096.  Improvenrjcntof  Microfcopes  by  Refraftion  ;  viz.  By  illuminating  the  Ob- 
jeft  in  a  darkened  Room  with  Light  of  any  convenient  Colour  not  too  much 
Compounded  \  for  by  that  means  the  Microfcope  will  with  Diftinftnefs  bear 
a  cfeeper  Charge  and  larger  Aperture,  efpecially  if  its  Conftrudlion  be  fuch 
as  I  may  hereafter  defcribe ;  for  the  Advantage  in  ordinary  Microfcopes  will 
not  be  fo  lenfible, 

jBefitfiing         XX VL  I.  I  have  fometimes  thought  to  make  a  Microfcope,  which  fliould 
M'ficrcfcofc;  hj   have,  inftead  of  an  Objedt-GJafs,  a  reflefting  Piece  of  Metal.    For  thefe 
^  8o.7^^3o8a  Inftruments  fcem  as  capable  of  Improvement  as  Telefcopes,    and  perhaps 
more  ;  bccaufe  but  one  reflcftive  Piece  of  Metal  is  requifite  in  them,  as  you 
'g'  »c>3«      ^^^y  perceive  by  the  Diagram,  where  A  B  reprcfenteth  the  Objeft-Metal, 
C  D  the  Eye-Glafs,  F  their  common  Focus,  and  O  the  other  Focus  of  thc 
Metal,  in  which  the  Objcft  is  placed. 
By  Afr.  Stcphctt      ^*  A  reprcfcnts  a  fmall  flat  Ring  of  Brafs,  whofe  interior  Circle  mufl:  not 
Gray.  much  cxcecd  y%-  of  an  Inch  Diameter,  and  about  yV  of  an  Inch  thick :  This 

^•"^•^'^*'*  we  may  call  thc  Frame  or  Cell  of  thc  Glafs;  it  muft  be  prepared  for  Ufe 
after  the  foltowing  manner.     Take  a  fmall  Globule  of  Quick-filver,  and  dif- 
Fi^.  104.      folve  it  in  a  few  Drops  of  Aqua  Fortis^  to  which  you  may  add  10  Parts  of 
common  Water ;  dip  the  End  of  a  Stick  in  this  Liquor,  and  rub  the  inward 
Circle  of  the  Ring  with  it ;  fo  as  it  will  have  acquired  a  mercurial  Tin6hirc^ 
and  being  wiped  dry,  be  fit  for  Ufe.    Then  let  it  be  laid  on  thc  Table,  and 
pour  a  Drop  of  Quick- filver  within  it,  which  prefs  gently  with  thc  Ball  of 
the  Finger,  and  it  will  adhere  to  thc  Ring  v  then  cleanfe  it  with  a  Hare's  Foot> 
and  you  will  have  a  Convex  Speculum.     Take  up  thc  Ring  and  Speculum! 
carrying  it  Horizontal,  and  lay  it  on  thc  Brims  of  the  hollow  Cylinder  B  ; 
lb  will  the  Mercury  become  a  Concave  Reflefting  Speculum,  which  fiorn 
the  Smallnefs  of  thc  Sphere  of  whrch  it  feems  to  be  a  Se6Hon,  may  be  ufcd 
as  a  Microfcope.     The  Cylindric  Veflel  B  has  a  Screw-Hole  at  the  Bottom^ 
by  which  it  is  fcrew'd  to  the  Top  of  the  Pedeftal  CD;  CEFG  is  the 
Supporter  of  thc  Objed-Plate,  which,  as  you  fee,  may  be  raifed  higher,  or 
let  lower,  as  there  is  Occafion,  by  the  Screw  on  the  Pcdcftal :  Thc  Objcft- 
Plate  muft  be  of  Glafs  cemented  to  the  Ring  G. 

This  Inftrument,  with  a  little  Variation,  may  be  made  a  Microfcope  of 
Water,  if,  inftead  of  the  Ring  G,  there  be  only  a  fmall  Arm  with  a  Hole  in 
it  to  receive  a  Drop  of  Waocr,  and  thc  Cylindric  Veffel  B  be  either  taken 
away^  or  fcrewed  on  with  iu  Bottom  upwards,  fo  as  to  make  an  Objeft-PJate^ 

'  This 
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Thw  will  be  meat  corivtnicht  for  viewing  the  Textures  of  cpj^cows  Objc£b, 
than  that  above  defcribed,  which  is  more  fit  for  Quid  wd  tranfparent  opea. 

XXVII.  I.  The  Figure  of  it  is  round,  being  30  Inches  and  fomewhat.^*^«;V/:«- 
better  in  Diameter.     On  one  fide  it  hath  a  Frame  of  a  Circle  of  SteeJ,  to  the^JJ^^  ^^"^ 
end  that  it  may  keep  its  juft  Meafure.     'Tis  eafy  to  remove  it  from  Place  to  "vikttl  n.*^. 
Place,  tho'  it  be  above  an  Hundred  Weighs  and  'tis  eafily  put  in  all  forts  of>^-  ^5- 
Potturcs.     The  Burning  Point  is  diftant  from  the  Center  of  the  Glafs  about 
3  Foot.     The  Focus  ia  about  half  a  Louis  d'Or  large.    One  may  pafi  one's 
Hand  through  it^  if  it  be  done  nimbly  ;  for  if  it  ftay  there  the  time  of  a  Se-. 
cond  of  a  Minute,  there  is  danger  of  receiving  much  hurt.  Green  Wood  takes 
Fire  in  it  in  an  inftant,  as  do  alfo  nuny  other  Bodies. 

/  Seconds. 

A  fmall  Piece  of  Pot-Iron  was  melted,  and  ready  to  drop  down,  in  -  40 
A  Silver  Piece  of  Fifteen  Pence  was  pierced,  in  —  —  — ,  -^  24 
A  Grofi  Nail  (called  le  Clou  de  Pifan)  was  melted,  in  —  —  —  30 
The  End  of  a  Sword  Blade  of  Olinde  was  burned,  in  —  —  --  43 
A  Brafs  Counter  was  pierced,  in  —  —•—.•--,—.  —  -^  6 
A  Piece  of  Red  Copper  was  melted  ready  to  drop  down,  in  —  —  4a 
A  Piece  of  a  Chamber  Quarry-Stone  was  vitrifiedi  and  put  into  7 

aGlafs^Drop,  in^~    —    —    —    —    —    ^— 5^5 
Steel,  whereof  Watchmakers  make  their  Springs,  was  found  melt-  7 

cd,  in      —     —    —    _    —    —     -^    —    *^— .    — .)       9 
A  Mineral-Stone,    fuch  as  is  ufcd  in  Harquebuffcs  a  roui'iy   was) 

calcined  and  vitrified,  in      .««     —     «»*^.««.i«.    — 3 
A  Piece  of  Mortar  was  vitrified,  in*^-*^..^^.— .-—fa 

In  ftiort.  There  is  hardly  any  Body  which  is  not  deftroy'd  in  this  Fire* 
If  one  would  melt  by  it  any  great  Quantity  of  Metal ;  that  would  require 
much  Time,  the  Adion  of  Burning  not  being  performed  but  within  the 
Bigncfs  of  the  Focus,  fo  that  ordinarily  none  but  fmall  Pieces  are  expofed  to 
VL    One-M.  de  Alibtrt  buys  it,  paying  for  it  1500  Livres. 

You  incline  to  believe,  that  the  Glaffes  of  Maginus  and  SepUlius  do  ap-  ^^''^ 97- 
proach  to  that  of  Lyons  \  but  I  can  afiiire  you  they  come  very  far  (hort  of  it. 
You  may  confult  Magmus  his  Book,  where  he  defcribes  his ;  and  there  are 
foroe  Perlbttw  here  who  have  fecn  one  of  his  beft,  which  had  byt  about  20 
Inches  Diameter ;  fo  that  this  of  Lyons  muft  perform  at  lead  twice  as  mucfa^ 
As  to  Septalius^  we  exped  the  Relation  of  it  from  Intelligent  and  Impartial 
Mco.  It  cannot  well  be  compared  with  that  of  Lyons^  but  in  Bignefs;  and 
in  this  Cafe,  if  it  have  five  Palms  (as  you  fay)  that  would  be  but  3  i  Foot 
French^  and  fo  it  were  a  Foot  bigger,  which  would  make  it  half  as  much 
greater  in  Surface :  But  as  to  the  EiFe6ts,  feeing  it  burns  fo  far  ofi^,  they 
cannot  be  very  violent.  And  I  have  heard  one  fay,  that  had  ktn  it,  that  it 
did  not  fet  Wood  on  Fire  but  after  the  time  of  faying  a  Miferere.  You  may 
judge  of  the  Difiercnce  of  the  EfFcfts,  -fince  that  ot  Lyatis  gathers  its  Beams 
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together  within  the  Space  of  7  Or  8  Lines  5  and  that  of  Septalius  muft  fcatter 
them  in  the  Compafi  of  3  Inches. 

It  was  difpofed  of  to  the  King  oi' Denmark. 

The  fame  M.  de  Vilette  of  Lyons  hath  made  another  Burning  Concare. 
It  is  of  34  Inches  Diameter,  and  melts  all  forts  of  Metals,  and  Iron  itfcif 
of  the  Thicknefs  of  a  Silver  Crown',  in  lefs  than  a  Minute  of  Time,  and  vi- 
trifies Brick  in  the  fame  Time  -,  and  as  for  Wood,  whether  green  or  dry, 
it  fets  it  on  Fire  in  a  Moment.  The  King  hath  feen  it,  and  the  Perform- 
ances of  it,  with  great  Satisfadlion ;  and  his  Majefty  is  likely  to  make  it  his, 
and  then  to  beftbw  it  on  his  Royal  Academy  of  Philofophers,  for  making  of 
farther  Experiments  with  it* 

This  kind  of  Concaves  burning  the  moft  forcibly  of  any  Fire  we  know  of, 
would  be  of  great  Ufc,  if  they  could  be  fo  contrived  as  to  have  a  Focus  of 
any  confiderable  Largenefi,  to  take  in  a  good  Quantity  of  combuftible  Mat- 
ter at  once. 

3.  S.  Stitalla  at  Milan  caufeth  to  be  made  a  Burning-Glafs  of  7  Foot  in 
Diameter.  He  pretends  to  make  it  burn  at  the  Diftance  of  50  Palms,  which 
is  about  33  Foot. 

4.  The  outer  Circle  of  the  Concave  Burning  Speculum,  which  I  lateljr 
caufed  to  be  made  in  Luface^  is  near  3  Leip/tck  Ells  in  Diameter,  exceeding 
that  great  one  at  Paris  by  -I-  of  fuch  an  Ell.  It  is  made  of  a  Copper  Plate 
fcarce  twice  fo  thick  as  the  Back  of  an  ordinary  Knife,  and  may  therefore 
be  eafily  removed  from  Place  to  Place,  and  ordered  for  Ufc :  And  the  Work- 
manfhip  of  it  may,  by  the  Contrivances  I  have  invented,  be  eafiiy,  and  ia 
little  Titne  performed  by  one  Man.  The-  Polifh  thereof  is  very  good,  and 
reprefents  by  diftinft  Reflexions  all  thofc  Appearances  wb4<!h  arife  from  the 
Concave  Figure  thereof. 

The  Force  of  this  Speculum  is  incredible.  For,  i.  A  Piece  of  Wood  put 
into  the  Focus  (which  is  2  Ells  off)  flames  in  a  Moment,  fo  as  a  frefh  Wind 
can  hardly  put  it  out.  2.  Water  applied  in  an  Earthen  VeflTel  prefently  boils, 
fo  as  to  boil  an  Egg ;  and  the  Veflel  being  held  there  fome  Time,  the  Water 
evaporates  all  away.  3.  A  Piece  of  Tin  or  Lead  3  Inches  thick,  asfoonas 
it  is  put  into  the  Focus,  melts  away  in  Drops ;  and  held  there  a  little  Time, 
is  in  a  perfeft  Fluor,  fo  as  in  two  or  three  Minutes  to  be  quite  pierced 
through.  4.  A  Plate  of  Iron  or  Steel  placed  in  the  Focus,  immediately  is 
feen  to  be  red-hot  on  the  Backfide,  and  foon  after  a  Hole  is  burnt  through  : 
I  have  made  three  fuch  Holes  in  a  Plate  in  fix  Minutes  Time.  5.  Copper, 
Silver,  and  the  like,  applied  to  the  Focus,  melt ;  which  I  have  tried  with 
fcveral  Sorts  of  Coin  ;  among  the  reft,  with  a  Ri^-DoUar ;  and  the  feme 
happened  to  it  as  to  the  aforcfaid  Iron  Plate  in  five  or  fix  Minutes.  6.  Things 
not  apt  to  melt,  as  Stones,  Brick,  and  the  like,  foon  become  red-hot  like 
Iron.  7.  Slate  at  firfl:  is  red-hot,  but  in  a  few  Minutes  turns  into  a  fine 
fort  of  black  Glafs ;-  of  which,  if  any  Part  be  taken  in  the  Tongs  and  drawn 
out,  it  runs  into  Glafs  Threads.  8.  Tiles,  which  had  fuffcred  the  moft  in- 
tenfe  Heat  of  Fire,  in  a  little  Time  melt  down  in  a  yellow  Glafs :  As  do, 
9.  Pot-Shreads,  not  only  well  burnt  at  firft,  but  much  ufed  in  the  Fire,  into 

a  black- 
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a  blackifh  yellow  Glafi.  lo.  Putnice-Stone^  faid  to  be  that  of  Burning 
Mountains,  in  this  Solar  Fire  melts  into  a  white  tranfparent  GLifs.  i  r.  A 
Piece  of  a  very  ftrong  Crucible  put  into  the  Focus,  in  eight  Minutes  was 
melted  into  a  Giafs.  12.  I  have  feen  Bones  turned  into  a  kind  of  opake 
Glafs,  and  a  ClocJ  of  Earth  into  a  yellow  or  greenifti  Glafs. 

Thefe  Experiments  were  made  in  Auguji  and  September^  when  the  Sun  has 
not  the  fame  Force  as  when  he  i§  about  the  Summer  Solftice.  The  Beams  of 
the  Full  Moon,  concentred  by  this  Speculum,  did  not  produce  any  Degree 
of  Heat,  tho'  the  Light  was  not  a  little  increafcd. 

5.  Some  Years  ago,  Dr.  Hook  made  a  Propbfal  to  the  Royal  Society  con- ^j' /?'-•  Hook, 
cerningthe  fame  Thing.  He  conceives  one  maybe  made  of  many  Foot  ^^''''^•^^*' 
Diameter,  for  a  fmall  Price,  being  hammered  out  of  a  Copper  Plate,  and 
tinned  ever  with  a  Mixture  of  Tin,  Lead,  and  Tin-Glafs,  v/hich  is  found  to 
bear  a  very  good  Polifh.  •  Such  a  Speculum  might  be  of  great  Ufe  in  per- 
iedting  the  Art  of  Paftes,  or  fiftitious  Jewels,  which  require  the  moft  intenfe 
Degree  of  Heat,  to  bring,  th^m  to  an  exadt  Mixture. 

XXVIII.  A  Linnen-Cloth,  firft  being  wet.  in  fair  Water,  and  then  h\A  Ccncavi  Si^eeuia 
on  a  Concave  Cylinder,  as  the  Verge  of  a  Sieve,  Kecler,   or  the  like,  its  ^^c^F^rrf'"' 
central  Parts  will  defcend  fo  as  to  form  a  very  regular  Concave  Superficies.  ^i^r*»i&rij^y 
And  a  Thread,  being  firft  wet  in  common  Water,  and  then  fufpended  with  ^7yf "***"*" 
Its  two  Ends,  or  any  two  Points  nearer  than  their  utmoft  Extent,  fo  as  it  n.  »28./>.542. 
might  touch  the  Center  of  the  fufpended  Cloth,  and  ks  two  oppofite  Points^*  *^^*-^' ^^^* 
on  the  Ring,  was  found  to  have  the  fame  Curvature.     My  Bufinefs  was  then 
to  examine  the  Figure  of  the  Thread  thus  fufpended  ;  which  I  did  in  manner 
following.     On  the  fi(^e  of  a  Wall  I  dcfcribed  Parabola* s  of  fcVeral  Species, 
whofe  Axes  were  perpendicular,   and  Perimeter  horizontal ;  to  which  the 
Line  being  applied,  fo  as  it  might  touch  the  Vertex,   pafs*d  very  nearly 
through  all  the  intermediate  Points  of  the  Parabola^  much  nearer  than  the 
Portion  of  a  Circle^  which  paffed  through  the  Extremity  of  the  Perimeter, 
and  Latus  re^umy  would  do. 

From  hence  I  conclude,  That  a  ponderous  and  pliable  Subftance,  being 
fufpended  on  a  Ring  or  hollow  Cylinder,  fo  as  that  its  central  Parts  may 
defcend,  will  form  itfelf  into  a  Figure  that  is  more  commodious  for  Burning- 
Glaffcs  than  the  Spherical,  of  which  they  are  now  made,  being  much  nearer 
their  moft  abfolute  Figure,  the  Parabola. 

Now  if  there  may  be  a  Way  found  to  give  to  Cloth  or  Leather  a  metalline 
Surface,  ora  Varnifti  that  may  bear  a  good  Polifh;  or  if  this  be  found  im- 
prafticable,  perhaps  Plates  of  Metal  may  be  beat  out  fo  thin,  as  being  fuf- 
pended on  a  large  Ring,  will  by  their  own  Gravity  receive  their  true  Fi- 
gure ;  one  may  make  Speculums  of  what  Largenefs  he  pleafeth. 

Upon  this  Confideration,  I  devifed  the  following  Experiment.  There 
was  taken  a  fufficient  Quantity  of  Potter's  Clay,  of  which  there  was  formed 
a  plain  circular  Plate,  by  help  of  an  Iron  Ring  about  1 3  Inches  Diameter, 
This  was  laid  un  a  leQer  Ring,  which  was  fupported  by  four  Feet;  and  it 
immediately  became  a  very  regular  Concave  on  its  upper,  and  Convex  on 

its 
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its  under  Superficieff ;  but  notwithftanding  'tw^s  £ct  to  dry , in  the  Shade,  yet 
before  it  wfis  dry  cnb'ugb,  its  central  Parts,  ex  tended  fo  as  to  beconoe  ainioft 
plain^  not  without  fome  Dcfeftsj  if  it  h^d  continued  in  its  Rcgulariiy,  I 
defigned  to  have  burned  and  glazed  it  in  a  Pptier's  Furnace* 

To  make  the  XXIX.  Take  QulckfiliTcr,   Marchafite  of  Silver,    each  three  Ounces; 

Ghfsth'^r  Tin  and  Lead,  each  half  an  Ounce;  thefe  two  firil  throw  on  the  Marcha- 
R.soithweii.  fne^  and  laftof  all  the  Quickfilver;  ftir  them  well  together;  but  they  muft 
N.  24s*/-363'  jjg  ^aken  from  the  Fire,  and  be  towards  cooling  before  the  Quickfilver  be 

added  ;  let  your  Glafs  be  well  warmed,  and  pour  in  the  Mixture,  and  roll  it 

from  Side  to  Side. 

Noie^  This  will  do  alfo  when  cold,  but  ^is  bell  when  the  Glafs  is  heated 

and  very  dry. 

Note  alfo.  That  if  .at  the  Glafs-Houfc  your  Ball  be  Qf  yellow  Glafs,  thea 

all  will  fhine  like  Gold* 

XXX.  Papers  (of  lefs  General  Ufe)  omilled. 

optk-Giajiihy  I.  T^R.  fll?^^  having  (in  his  iWiVr^^r^^i&/tf)  ^defcribed  a  new  Engine  for 

N5rj^.^'r!'" '        JL/  Grinding  Optic-Glaffes  of  very  great  Lengths,    U.  jiuzout  (in  a 

N.  4./>.  56.      fmail  French  TraH)  objefts  feveral  Difficulties  to  this  Engine  itfclf:    But 

however  he  thinks  it  impradicable  to  make  any  Glafles  oT  above  300  or 

400  Foot  at  moft  (and  fears  that  neither  Matter  npr  Art  will  go' even  fo  far) 

which  will  be  very  far  from  fliewing  us  Plants  or  Animals  in  the  Moon ;  and 

then  propofes  Remedies  to  fome  of  the  Inconveniencies  of  the  Turn.     To  all 

uu.f.e^.       this.  Dr.  Hock  here  replies;  Jie  anfwers  the  ObjciStions,  and  rejedls  the  pro- 

pofed  Expedients. 
Upon  a  Plane.  2.  Carlo  Jnt.  Manctni  having,  in  his  Occbiale  all*  Occbio^  dcfcribed  a  par- 
N.  42.^838.  ticular  Way  for  making  Convex-Glafles  upon  a  Plane,  his  Method  is  here 
tranflated  from  the  Italian  into  EngUfh.  But  'tis  added.  That  though  the 
Contrivance  be  ingenious,  yet  it  is  conceived  by  fkilful  Artifts,  that  it  will 
be  very  difficult  to  put  it  into  Practice. 

XXXL  Accounts  of  Books  omitted. 

N.79.^3o6s.  I.  'T^Hyfico-Matbefis  de  Lumine,    Coloribus^  6?  Irid^,   Sec.  Atai,  Franc. 

JL     Maria  Grimaldo,  S.  J.  Bononis  1665. /«  4/^. 
N.  71. j&.  1163.      2.  Cogitationes  P by fico- Mechanics  de  Natura  Vifionis.  Autb.  Jo.  Ott.  Scluh 

fhufa  Helve tio.     Heidcibergae  1670.  in  4/^. 
N.  32.>>.626.        3.  Sjncp/ts  Optica.     ^/i>.  Honorato  Fabri.  Socjifu.     Lugduni  1667. 

in  4.to. 
N.4a./.S37.       4,  L*  Occbiak  alV  Occbio^  overo  Diopirica  Prattica  del  Carlo  Ant.  Man- 

cini,  in  Bologna  1660.  in  j^o. 
N.  75.^.»»58.       5.  LeSliones  xviii ;  Cantabrigi^  in  Scbclis  puhlicis  hahit^^  in  quiius  Optica- 

rum  Pbanomen^en  genuine  Ration^s  invefligantUTy  i^  exponuntwry   ab  Ifaaco 

Barrow.  Lond.  1669,  in  j^to, 

6.  La 
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6.  Ls  tyi&pirique  Occutaire^  par  k  Pire  Cherubin  ^  Orleans,  Capucin.  A  n.  78.  a  3045. 
Paris,   i6yi.  in  Folio. 

7.  Chriftiani  Hugenij  Jfirofiopia  Compendiaria^  Tubi  Optict  molimine  libi-  n.  161./.  668. 
fata:  or,  Th^Dt(cr\^t[onoizr\  Aerial  felefcope.  Hague,  1684.  in  ^to. 

8.  A  Treatife  of  Dioptrics.     By  fVilL  Mclineux,  Efq;  F.  R.  S.  in  ^to.       n.  205.^  967. 

9.  Catoptricie  i^  Dioptrics  Ekmenta.    AuSore  Davide  Gregorio,    A  Mn.  119.^.21  v 
Oxon,   1695.  in  Svo. 


CHAP.    IV. 
J  S  T  R  O  N  O  M  r. 

1.  fnr^rtE  Wand  fTeen  (vulgarly  termed  the  Scar  kt-Ifland)  hmou^  hrni  ohftfostorf 
I        the  Obfervations  of  Tycho  Brabe^  that  renowned  Danijh  AJlrono-  '^liJ^  g^®„"^^*: 
JL      fner  (with  all  Submiffion  to  better  Judgments)  was  none  of  the  n.  a66.  ^"692. 
fitteft  lor  Aftronomical  Obfervations  of  all  forts,  fuch  as  the  taking  the  exaft 
Time  of  the  true  Rifing  and  Setting  of  Celeftial  Bodies,  together  with  their 
refpeftive  Amplitudes;  becaufe  the  Wand  lies  low,  and  is  Land-lock 'd on  all 
the  Points  of  the  Compafs,  fave  three.     Befides,  the  fenfible  Land-Horizon 
of  the  Wetn  is  extremely  uneven  and  rugged,  the  North  and  Eaftern  Parts 
thereof  being  fomc  rifing  Hills  in  the  Province  of  Schonen  ;  and  the  Weftern 
Part  is  moftly  overfpread  with  Trees  on  the  Wand  Zealand ;  from  the  remo- 
tcft  of  which  Coafts  the  H^een  is  not  diftant  above  three  Leagues. 

II.  M.JFeighelius  hath  invented  an  Inftrument,  which  he  calls  Afirodi£ticumy  a  new  j^on^ 
by  the  means  whereof  very  many  Perfons  fhall  be  able  at  one  and  the  fame  "'^^^4d"h«- 
Time  to  behold  one  and  the  fame  Star.    He  hath  alfo  invented  an  exceeding  iL.  *    *^^  * 
great  Globe  of  the  World,  capable  of  lO  Perfons  to  fit  in  it  aU  at  oncc^  and  ^'  74  .?•  aai9- 
to  behold  the  Motions  of  the  celeftial  Bodies,  6f ^ . 

III.  The  Bignefs  of  this  Globe  is  only  of  four  Inches  Diameter.     The  AC€tejiiaiGi»bf-^ 
Body  of  the  Globe  of  burnifhed  Steel,  where  all  the  Figures  of  the  Conftel- ^/.  ^{^fjf^;^^^^ 
lations  are  defigned  in  Silver-Colour,  but  the  Stars  thcmfclves  of  all  Magni-  n.  136.^.  995. 
tudes  are  put  on  in  emboflcd  Gold. 

This  Globe  moves  from  Eaft  to  Weft  in  24  Hours ;  and  you  may  there 
fee  the  Sun  exaftly  rife  and  fet  as  in  the  great  World,  together  with  the  Moon,^ 
ts  alfo  the  Stars  of  the  Conftellations  ;  likewife,  how  the  Sun  of  this  Globe 
comes  to  his  Meridian,  with  an  admirable  Regularity,  conform  to  the  Primum 
Mobile.  And  vou  may  alfo  there  perceive  the  mean  Motions  of  the  Sun  and 
Moon  from  Weft  to  Eaft,  and  all  the  Lunations  -,  and  by  the  Diurnal  Mo- 
tion of  the  Moon,  it  fhews  the  Flux  and  Reflux  of  the  Sea. 

The 
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The  Meridian  ftrveth  for  a  Needle  to  (hew  the  Hours;  whichhath  two  main 
jRays,  one  whereof  goeth  direftly  Northward,  the  other  Southward.  Thit 
of  the  North  marks  the  Way,  or  Degree,  which  the  Sun  maketh  from  Weft  to 
Eaft  upon  the  Signs  of  the  Zodiack,  and  upon  a  Circle  of  Silver,  where  the 
360  Degrees  of  the  Circle  are  marked.  The  other  Ray  of  the  South,  marks 
upon  another  Circle  of  Silver  the  Days  of  the  Month,  where  the  365  Days 
are  noted.  The  Circles  of  the  Longitude  of  the  Stars,  which  fcparate  the 
Signs,  and  which  come  from  the  Poles  of  the  Zodiack,  are  marked  by  Gold- 
Wires  ;  as  alfo  the  Equator,  the  Tropicks,  and  the  Polar  Circles. 

There  is  but  one  great  Spring,  the  Primum  Mobiky  which  puts  al?  the  reft 
in  Motion :  It  is  wound  up  by  the  AntarStick  Pole,  and  you  may  wind  it  up 
to  the  Right  or  Left  Hand,  without  wronging  any  contrary  Motion :  And 
by  the  ArSlkk  Pole,  you  may  advance  and  retard  this  Movement,  if  you 
fliould  find  any  IxiequaJity,  without  altering  at  all  the  great  Spring. 

IV.  I  applied  myfelf  the  laft  Summer  to  the  taking  of  the  Diameters  of  the 
Sun,  Moon,  and  the  other  Planets,  by  a  Method  which  M.  Picard  and 
myfelf  have,  efteemed  by  us  the  beft  of  all  thofc  that  have  been  praftifcd 
hitherto ;  fince  we  can  take  the  Diameters  to  Second  Minutes,  being  able  to 
divide  one  Foot  into  24000  or  30000  Parts,  fcarce  failing  fo  much  as  in  one 
only  Part,  fo  as  we  can  in  a  manner  be  affured  not  to  deceive  ourfelves  in  5 
or  4  Seconds.  I  fhall  not  now  tell  you  my  Obfervations ;  but  I  may  very 
well  aflure  you,  that  the  Diameter  of  the  Sun  has  not  been  much  Jcfs  in  his 
-Apogee^  than  31  min.  37  or  40  fee.  and  certainly  not  iefs  than  31  min.  35 
kc,  and  that  at  prefent  in  his  Perigee  it  paffes  not  32  min.  45  fee.  and  may  be 
Jels  by  a  Second  or  two :  That  which  is  at  the  prefent  troublcfome,  is,  that 
the  vertical  Diameter,  which  is  the  moft  eafy  to  take,  is  diminilhed,  even  at 
Noon,  by  8  or  9  fee.  becaufe  of  the  Refradlions,  which  are  much  greater 
in  Winter  than  Summer  at  the  fome  Heights  and  that  the  horizontal  Dia- 
meter is  difficult,  becaufe  of  the  fwift  Motion  of  the  Heavens. 

As  for  the  Moon,  I  never  yet  found  her  Diameter  Iefs  than  29  min.  44  or 
45  fee.  and  I  have  not  feen  it  pafs  33  min.  or  if  it  hath,  it  was  only  by  a  few 
Seconds.  But  I  have  not  yet  taken  her  in  all  the  Kinds  of  Situations  of  the 
Apogees  and  Perigees  which  happen,  with  the  Conjundtions  and  Quadratures. 
I  do  not  mention  all  that  can  be  deduced  from  thence ;  I  fliall  only  tell  you, 
that  I  have  found  a  Way  to  know  the  Parallax  of  the  Moon,  by  the  means 
of  her  Diameter :  viz.  If  on  a  Day,  when  fhe  is  to  be  in  her  Apogee  or  Peri^ 
gee^  and  in  the  moft  Boreal  Signs,  you  take  her  Diameter  towards  the  Hori- 
zon, and  then  towards  the  South,  with  her  Altitudes  above  the  Horizon. 
For  if  the  Obfervation  of  the  Diameters  be  exa6t,  as  in  thefe  Situations  the 
Moon  changes  not  confiderabJy  her  Diftance  from  the  Earth  in  6  or  7  Hours, 
the  Difference  of  the  Diameters  will  Ihew  the  Proportion  there  is  of  her  Di- 
ftance with  theSemidiametcr  of  the  Earth.  I  do  not  enlaige,  becaufe  that 
as  foon  as  one  hath  this  Idea,  the  reft  is  eafy.  The  fame  would  yet  be  pradi- 
fed  better  in  the  Places  where  the  Moon  paffes  through  the  Zenith,  than 
here ;  for  the  greater  the  Diiicrence  is  of  the  Heights,  the  greater  is  that  ot 

the 
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the  Diameters.  I  do  not  note  (for  it  eafily  appears)  that  if  one  were  under 
the  fame  Meridian  or  the  fame  Jzimutb,  in  two  very  diftant  Places,  and  took 
at  the  fame  Time  the  Diameter  of  the  Moon,  one  would  do  the  fame  Thing ; 
tho*  this  Method  goes  not  to  Prccifenefs, 

From  what  has  been  faid  may  be  collefted  the  Reafon  of  the  Obfcrvation, 
which  M,  Hevelius  made  in  the  laft  Eclipfc  of  the  Sun  {July  2.  Si.  N.  1666.) 
tonching  the  Increafe  of  the  Moon's  Diameter  about  the  End.  I  am  exceed- 
ing glad,  that  a  Perfon,  who  probably  knew  not  the  Caufe  of  it,  has  made 
the  Experiment  i  but  ic  is  ftrange,  that  until  now  no  Aftronomer  has  fore- 
fcen  that  that  Ihould  happen,  nor  given  any  Precepts  for  the  Change  of  the 
Moon's  Diameter  in  the  Eclipfes  of  the  Sun,  according  to  the  Places  where 
they  fhould  happen,  and  according  t6  the  Hour  and  Height  the  Moon  fliould 
Lave :  For  what  happened  in  that  Eclipfe,  of  Augmentation,  would  have 
fallen  out  contrarily,  if  ic  had  been  in  the  Evening;  for  the  Moon,  which 
in  that  Eclipfe  that  began  in  the  Morning  was  higher  about  the  End  than  at 
the  Beginning,  was  nearer  us,  and  confequently  was  to  appear  bigger :  But 
if  the  Eclipfe  fhould  happen  in  the  Evening,  (he  would  be  lower  at  the  End, 
and  therefore  more  diftant  from  us,  and  confequently  appear  lelTer.  So  alfo 
in  two  different  Places,  whereof  one  fhould  have  the  Eclipfe  in  the  Morning, 
and  the  other  at  Noon,  the  Moon  fhould  appear  bigger  to  him  that  hath  it 
at  Noon  :  And  fhe  muft  likewifc  appear  bigger  to  thofe  who  fhall  have  a  leffer 
Elevation  of  the  Pole  under  the  fame  Meridian,  becaufe  the  Moon  will  be 
nearer  them. 

V.  I.  I  fhould  be  looked  upon  as  a  great  Wronger  of  our  Nation,  fhould -J  ^'^^'f^eT 
I  not  kt  the  World  know,  that  I  have,  out  of  fomc  fcattered  Papers  and  Let-  mu^H^^X 
tcrs  that  formerly  came  to  my  Hands,  of  one  Mr.  Gafcoigne\  found  out,  that  ^'^  Richard 
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before  our  late  Civil  fVars  he  had  not  only  devifed  an  Inttrument  .of  as  great  a  N.25./ 
Power  as  M.  Auzout\  but  had  alfb  for  fomc  Years  made  ufe  of  it ;  not  only  May,  An.  1667. 
for  taking  the  Diameters  of  the  Planets,  and  Diftances  upon  Land  ;  but  had 
&rther  endeavoured,  out  of  its  Precifencfs,  to  gather  many  Certainties  in  the 
Heavens ;    amongft  which  I  (hall  only  mention  one,   viz.  The  finding  the 
Mmi^s  Dijiance^  from  two  Obfervations  o^  her  Horizontal  and  Meridional 
Diameters ;  which  I  the  rather  mention,  becaufe  the  French  Afironomer  efteems 
himfelf  the  firft  that  took  any  fuch  Notice,   as  thereby  to  fettle  the  Moon*s 
Parallax :  For  our  Countryman  fully  confidered  it  before,  and  imparted  it 
to  an  Acquaintance  of  his,  who  thereupon  propofed  to  him  the  Difficulties 
that  would  arife  in  the  Calculation ;  with   Confiderations  upon  the  flrangc 
Niceties,  necefTary  to  give  him  a  Certainty  of  what  he  defired.     The  very 
Inftrument  he  firft  made,  I  have  now  by  me,  and  two  others  more  perfefted 
by  him  ;  which  doubtlefs  he  would  have  infinitely  mended,  had  he  not  been 
flain  unfortunately  in  his  late  Majefty's  Service.  He  had  a  Treaiife  of  Optics 
ready  for  the  Prels  •,  but  though  I  have  ufed  my  utmoft  Endeavour  to  retrieve 
it,  yet  1  have  in  that  Point  been  totally  uufuccefsful :  But  feme  loofe  Pa- 
pers and  Letters  I  have,  particularly  about  this  Inftrument  for  taking  of  An- 
gles, which  was  far  from  perfcft.     Neverthelefs,  I  find  it  fo  much  to  ex- 
Voi.,  I.  G  g  ceed 
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cced  all  others,  that  I  have  ufcd  my  Endeavours  to  make  it  exaft,  and  ea- 
rjy  tradable -,  which  above  a  Year  fined  eflfcfted  to  my  own  Defire,  by 
the  Help  of  an  ingenious  and  exaft  Watchmaker:  Since  which  time,  I  have 
not  altogether  ncglefted  it,  but  employed  it  particularly  in  taking  the  D/- 
fiances  (as  Occafion  fcrved)  of  the  Circum-jovialifts^  towards  a  perfed  fettling 
their  Motion.     I  (hall  only  fay  of  it.  That  it  is  fmall,    not  exceeding  in 
Weight,  nor  much  in  Bignefs,  an  ordinary  Pocket- Watch,  exaftly  marking 
above  40000  Divifions  in  a  Foot,  by  the  help  of  two  Indexes ;  the  one  (hewing 
Hundreds  of  Divifions,  the  other  Divifions  of  the  Hundred  j  every  laft  Di- 
vifion  in  my  fmall  one  containing  yL  of  an  Inch,  and  that  fo  precifely,   that,, 
as  I  ufe  it,  there  goes  about  2  -  Divifions  to  a  Second.     Yet  I  have  taken 
Land-Angles  fcveral  Times  to  one  Divifion,  tho*  (for  the  Reafon  mentioned 
by  M.  Auzout)  it  be  very  hard  to  come  to  that  Exaftnefs  in  the  Heavens, 
{viz,  the  fwift  Motion  of  the  Planets.)    Yet,  to  remedy  that  Fault,  I  have 
devifcd  a  Rejl^  in  which  I  find  no  fmall  Advantage,  and  not  a  little  pleafing 
thofe  Perfons  who  have  feen  it,  being  fo  eafy  to  be  made,  and  by  the  Ob- 
fcrver  managed  without  the  help  of  another  ;  which  fecond  Convenience  my 
yet  namelefe  Inftrument  hath  in  great  Pcrfcdlion,  and  is,  by  reafon  of  its 
Smallnefs  and  Shape,  eafily  applicable  to  any  Telelcope. 
jiDtferiptitu         2.  aaaa^  is  a  fmall  oblong  Brafs  Box,  ferving  both  to  contain  the  Screws 
^Irlli^k.       ^^^  ^^^ir  Sockets,  or  Female  Screws,  and  alfo  to  make  all  the  Icveral  moye- 
N.29 .^  '54««   able  Parts  of  the  Inftrument  to  move  very  true,  fmooth,  and  in  a  fimple  di- 
NoT.  An.  1667.  j^^  Motion.    To  one  End  hereof  is  fcrewed  on  a  round  Plate  of  Brafs  Hii^ 
about  3  Inches  over ;  the  extreme  Limb  of  whofe  Outfide  is  divided  into  loo- 
wsg.i9s*      equal  Parts,  and  numbred  by  10,  20,  and  30,  6?^.  Through  the  Middle  of 
this  Plate,  and  the  Middle  of  the  Box  aaaa^is  placed  a  very  curiouflv  wrought 
Screw,  of  about  the  Bignefs  of  aGoofe-Quill,  and  of  the  Length  otthe  Box; 
the  Head  of  which  is,  by  a  fixed  Ring  or  Shoulder  on  the  Infide»  and  a  fmall 
ijpringing  Plate  dd  on  the  Outfide,  fo  adapted  to  the  Plate,  that  it  is  not  in 
the  leaft  fubjeft  to  (hake.  The  other  End  of  this  Screw  is  by  another  little 
Screw  (whofe  fmall  Points  fill  the  Center  or  Hole  made  in  the  End  of  die 
longer  Screw  for  this  Purpofe)  rendered  fo  fixed  and  fteddy  in  the  Box,  that 
there  appears  not  the  leaft  Danger  of  Ihaking.     Upon  the  Head  xA  this 
Screw,  without  the  Ipringing  Plate,  is  put  on  a  fmall  Index  e  e^  and  above 
that  a  Handle  m  i»,  to  turn  the  Screw  round  as  often  as  there  Ihall  be  Occa- 
fiion,  without  at  all  endangering  the  diiplacing  of  the  Index,  it  being  put  on 
very  ftifFupon  a  cylindrical  Part  of  the  Head,    and  the  Handle  upon  a 
Square.     The  Screw  hath  that  Third  of  ir,  which  is  next  the  Plate,,  bigger 
than  the  other  two  Thirds  of  it,  by  at  leaft  as  much  as  the  Depth  ofriie 
fmall  Screw  made  on  it :  The  Thread  of  the  Screw  of  the  bigger  Third  is  as 
fmall  ^ain,  as  that  of  the  Screw  of  the  other  two  Thirds.     To  the  groflfer 
Screw  is  adapted  a  Socket  /,  fattened  to  a  long  Bar  or  Bolt  gg^  upon  which 
is  fattened  the  moveable  Sight  b^   fo  that  every  Turn  of  the  Screw  pro- 
motes the  Sight  by  cither  a  Thread  nearer,  or  a  Thread  ferther  oflF  ftx)m  the 
fixed  Sight ;.     The  Bar  ^^,  is  made  exaftly  equal,  and  fitted  into  two  fmall 
SuplesI^,  which  will*  not  admit  of  any  fiiaking.    There  are  60  of  thefe 
Threads4 
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Threads^  andanfwerable  thereto  are  made  60  Divifions  on  the  Edge  of  the 
Boh  or  Ruler  gg^  and  a  fmall  Index  /  fixed  to  the  Box  aaaif^  denotes  how 
many  Threads  the  Edges  of  the  two  Sights  b  and  i  are  diftant  j  and  the  In- 
dex ee^  flicws  on  the  circular  Plate  what  Part  of  t  Rerohjtion  there  is  more; 
every  Revolution,  as  was  faid  before,  being  divided  into  100  E*arts,    At  the  *       • 

fame  Tithe  that  the  moveable  Sight  b  is  moved  forwards  or  backwards,  one  rig.  io(« 
or  more  Threads  of  the  coarfer  Screw,  is  the  Plate  p/),  by  the  means  of  the 
Socket  J,  to  which  it  is  fcrewed,  moved  forward  or  backward,  one  or  more 
Threads  of  the  finer  Screw :  So  that  this  Plate  being  fixed  to  the  Telefcope 
by  the  Screws  rr^  fo  as  the  middle  betwixt  the  Sights  may  lie  in  the  Axis 
cl"the  Glaft,  however  the  Screw  be  turned,  the  midft  betwixt  the  Sights 
win  always  be  in  the  Axis,  and  the  Sights  will  equally  either  open  from  it^ 
pr  ftut  towards  it. 

ft  is  conceived  by  fome  ingenious  Men,  that  it  will  be  more  convenient,    ^i*  xo7» 
inftead  of  the  Edges  of  the  two  Sights  b  and  f,  to  employ  two  Sights  r  and 
J,  itted  with  the- Hairs  /  and  Vj  fo  that  they  may  be  conveniently  ufed  in 
die  Place  of  the  folid  Edges  of  the  Sights  b  and  i^ 

The  Inftrament  is  thus  applied  to  the  Telefcope.  The  Tube  A  D  is  di-  ''^-  «<>•• 
loded  intp  three  Lengths,  of  which  (as  in  ordinary  ones)  B  C  is  to  lengthen 
or  contract  as  the  Oojeft  requires :  But  A  B  is  here  added,  that  at  A  yoa 
may  put  fuch  Eye-Glafles  as  (hall  be  thought  moft  convenient,  and  to  fct 
them  ftill  at  the  Diftance  moft  proper  from  the  Indexes  or  Pointers,  which 
here  arc  fuppofed  to  be  at  B,  which  Length  alters  alfo  in  refpedl  erf"  divers 
Peifon&Eves.  E  is  a  Screw,  by  which  the  great  Tube  can  be  fixed  fo,  as 
by  the  help  of  the  Figures  any  ftaaJ-fcr  Part  of  it  can  immedtately  be  found, 
meaforing  only^  or  knowing  the  Divifions  on  B  C,  the  Diftance  of  the  Ob-  ^'i-  "o^- 
jefi-Glafe  from  the  Pointers.  F  is  the  angular  Piece  of  Wood,  that  lies  on 
the  upper  Screw  of  the  Reft. 

This  Reft  (hy  Dr.  HooV%  Suggeftion)  may  be  rendered  more  convenient,  ^^'^•^'  ss^* 
if,  inftead  of  placing  the  Screw  Horizontal,  it  be  fo  contrived,  that  it  may 
be  laid  parallel  to  the  Equinoftial,  or  to  the  Diurnal  Mbtion  pf  the  Earth  ; 
fcr,  by  that  Means,  the  feme  Thing  may  be  performed  by  the  fingle  Motion 
of  one  Screw,  which  in  the  other  Way  cannot  be  done  but  by  the^  turning  of 
both  Screws  j  as  will  eafily  appear  to  thofe  that  fhall  confider  it. 

3.  I  have  by  me  two  or  three  fcveral  Ways  of  Meafuring  the  Diameters  ^^f^T^f 
of  the  Planets,  whether  Horizontal,  Perpendicular,  or  Inclmed,  to  the.  Ex-'S^/J^erhui. 
adnefs  of  a  Second,  by  the  help  of  a  Telefcope;  as  alfo  of  taking  the  Po-  'J^^^^^ 
fition  and  Diftance  of  the  fmall  fixed  Stars  one  from  pother,  or  from  any  N^is-^^sg. 
of  the  Icfs  bright  Planets,  if  the  Diftance  be  not  above  two  or  three  De-  May,  An.  I66^ 
grees. 

4.  With  a  Micrometer  and  a  Tube  of  14  Feet-,  I  have,  often  n^eafurcd  ^^^^^tj 
the  Diameters  of  the  Planets,  and  their  Diftances  from  the  fixt  Stars,  al-  n^rSZk^. 
moft  to  Seconds-,  which,  wiihom  having  tried  it,,y.oja  would  haidiy  believe.  n.5^^6o»^ 

Gg  2  VI.  I.    ^ 
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J^^«f {*'*'«-      VI.  I,  It  may  be  proved  by  many  Arguments,  that  Tycbo  erred  from  the 

•Xfr!  Fiamfttaa.  Truth,  by  two,  three,  nay  fometimcs  four  or  five  whole  Minutes,  both  in 

N  ^I'^lioSi  ^^^  Places  and  Latitudes  afligned  to  fome  of  the  fixt  Stars.     We  have  heard 

.9  ,f.  locH  ^^^  ^^^^  ^^^^^  p^^^  y^j^^  Hevelius  has  undertaken  the  Reftitution  of  the  fixt 

Stars  y  yet  as  it  is  reported  he  makes  ufe  of  Sights  without  Glaffes,  it  is 
doubtful  whether  we  fliall  have  their  Places  much  more  correft  from  him 
than  thofe  left  us  by  Tycbo^  unlefs  where  he  has  been  very  much  miftaken. 
Plain  Sights  pre      2.  I  pciccive  that  ali  your  People  do  not  agree  with  me,  in  the  Bufinels 
^opif;'^'^''     of  Sights,  concerning  which  I  have  treated  in  the  Organographia  of  my  Ada- 
M.  Hevelius.     china  Cakjiis.    But  tho*  Mr.  Hook  and  Mr.  Flamftead^  and  others  are  of  a 
^pr?An^i65'4.  different  Opinion,  yet  I  have  been  taught  by  daily  Experience,   and  am  ftiU 
convinced,  that  the  Matter  is  far  otherwife  in  thofe  great  Inftruments,  as 
Quadrants,    Sextants,    and  Oftants,  and  chiefly  Azimuth  Quadrants,  and 
other  Quadrants  conftruded  by  Rulers,  which  cannot  fo  eafily  or  indeed  by 
any  means  be  difturbed  and  inverted  (which  happens  to  Telcfcopic  Sights 
when  they  are  examined)  as  thofe  Inftruments  of  three  or  four  Feet  conftrufted 
with  a  Perpendicular.     The  Matter  chiefly  amounts  to  this,  that  they  can 
undertake  no  Obfervation  with  their  Telefcopic  Sights,  till  they  examine  and 
reftify  them  anew ;  in  which  Examination  there  is  Room  to  miftake  perpe- 
tually, and  different  Ways,  tho*  you  perform  it  never  fb  induflrioufly.    And 
indeed  I  cannot  underfland  by  what  Method  this  Examination  can  be  per- 
formed. In  Azimuthal  Quadrants,  Odanta,  and  Sextants,  at  all  Times,  with 
Convenience,  and  without  a  great  Lofs  of  Time. 

I  fee  there  are  fome  alfo  Camong  whom  b  Mr.  Hamftead)  who  have  un- 
dertaken to  give  Judgment  upon  our  Obfcrvations,  whatever  they  m^y  be, 
before  they  have  feen  or  examined  them,  or  can  knpw  any  Thing  about 
them.  I  do  not  defire  to  be  a  vain  Boafter  of  my  own  Affairs,  nor  did  I 
ever  imagine,  that  in  this  Attempt  of  the  Reftitution  of  the  fixt  Stars,  know- 
ing my  own  Weakncfs,  that  I  Ihould  be  perfeft  in  every  thing.  But  thi§  I 
am  convinced  of,  that  if  I  had  undertook  the  Bufinefs  with  the  help  of  Te- 
lefcopic Sights,  I  muft  not  only  have  wafted  many  Years  with  fruitleis  Exa- 
minations, but  doubtlefs  I  Ihould  have  been  difappointed  of  my  Hopes,  and 
that  on  various  Accounts,  which  it  is  not  neceflary  to  mention  here.  Hence 
I  congratulate  With  myfclf,  that  I  never  could  embrace  that  Opinion,  biit 
that  I  performed  every  Thing  by  my  own  Method,  whatever  by  the  Affift- 
ance  of  God  I  have  performed.  Now  when  we  fhall  have  Obfervations  on 
both  Sides,  continued  for  the  Space  of  20  or  30  Years  ;  that  is,  as  well  thofe 
that  are  made  with  Telefcopic  Sights,  as  thofe  which  are  derived  from  the 
.  .  Heavens  bj  our  plain  Sights,  the  Matter  will  then  be  brought  to  a  fair 
Trial..  In  the  mean  Time  let  every  one  enjoy  his  own  Opinion,  and  pro- 
ceed in  his  own  Way. 

^^a^'^i^  •  ^^^^  I-  It  is  well  known  that  the  mean  apparent  Magnitude  of  the  Moon 
grtst^^'Ssen.  IS  30  min.  JO  fcc.  we  will  take  it  Numero  rotundo  to  be  30  min.  at  a  Full 
''Jbantl^'brblr  ^^^  ^  ^^^  xn\6{i  of  Wiutcr,  and  when  fhe's  in  the  Meridian^  and  at  licr 
«^a/^</7  '^  ''  greateft  Northern  Latitude,  and  coofequently  the  utmoft  that  flie  can  be  ele- 
vated 
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Tatcd  in  our  Horiton  :  'Tis  as  well  known  alfo,  that  when  fhe  is  in  this  Po-  ^x^^htdif 
fture,  being  Jooked  upon  by  the  naked  Eye,  Ihe  appears  (that  we  may  ac-  ^^"^^^  ^"^ 
commodate  all  to  fenfible  Meafures)  to  be  Magnitudints  Pedalis^  about  a  Foot  n.  187.^.  314. 
brood.    But  the  fame  Moon  being  looked  upon  juft  as  (he  rifes,  (he  appears  ^^'  ^"^  '^*^* 
to  be  three  or  four  Foot  broad,  and  yet  if  with  an  Inftrument  we  take  her 
Diameter,  both  in  one  Pofture  and  the  other,  we  (hall  find  that  ftill  (he  (hall 
be  but  30  min.     That  this  Matter  of  Fa6t  is  true,  befides  the  Authority  of 
many  Authors,  I  can  alTert  that  I  have  accurately  tried  it  myfclf,  and  I  have 
fo  found  it.     One  of  the  Ways  I  proceeded  was  thus :  I  took  a  very  good 
Teiefcope  of  about  6  Foot  long,  in  the  inward  Focus  of  whofe  Eye-Glafs  I 
applied  a  very  fine  Lattice  made  of  the  fingle  Hairs  of  a  Man's  Head  ;  then 
looking  with  this  at  the  Moon,  when  (he  was  juft  rifen,  and  looked  extraor- 
dinary big,  I  obferved  what  Number  of  the  Squares  of  the  Lattice  were  oc-' 
cupicd  by  her  Body ;  and  then  obferving  her  again,  when  more  elevated  and 
free  from  all  extravagant  Greatnefs,  I  ftill  found  the  fame  Squares  of  the 
Lattice  poffeflcd  by  her.     This  Way  is  equivalent  to  that  now  more  ufed,. 
of  taking  her  Diameter  by  Mr*.   Townlef^  Micr6meters ;   but  I  have  alfo 
ttied  and  found  the  fame  Thing  by  an  accurate  Sextant,  taking  the  Diftancc 
of  the  Moon*s  oppofite  Limbs. 

The  celebrated  Des  Cartes  attributes  this  Appearance  rather  to  a  deceived 
Judgment,  than  to  any  natural  A(Fe6tion  of  the  Organ  or  Medium  of  Senfe  :. 
For  the  Moon  (fays  he)  being  nigh  the  Horizon,  we  have  a  better  Oppor- 
tunity and  Advantage  of  making  an  Eftimate  of  her,  by  comparing  her  with< 
the  various  Objeds  that  incur  the  Sight,  in  its  Way  towards  htr ;  (o  that 
tho*  we  imagine  (he  k>oks  bigger,  yet  'tis  a  meer  Deceit ;  for  we  only  think 
fo,  becaufe  flie  leems  nigher  the  Tops  of  Trees,  or  Chimneys,  or  Houfes,  or 
2  Space  of  Ground,  to  which  we  can  compare  her,  and  eftimate  her  there- 
by •,  but  when  we  bring  her  to  the  Teft  of  an  Inftrument,  that  cannot  be 
deluded  or  iropofed  upon  by  thefe  Appearances,  then  we  find  our  Eftimate 
wrong,  and  our  Senfes  deceived.    Thefe  Thoughts,  methinks,  are  much  be- 
low the  accuftomed  Accuracy  of  the  noble  Des  Cartes ;  for  certainly  if  it  be- 
fo,  I  may  at  any  Time  increafe  the  apparent  Bignefs  of  the  Moon,  tho*  in 
the  Meridian  ;  for  it  would  be  only  by  getting  behind  a  Clufter  of  Chim- 
neys, a  Ridge  of  a  Hill,  or  the  Tops  of  Houfes,  and  comparing  her  to  themi 
in  that  Pofture,  as  well  as  in  the  Horizon ;  befides,  if  the  Moon  be  looked 
at  juft  as  (he  is  rifing  from  an  Horizon  determined  by  a  fmooth^  Sea,  and> 
which  has  no  more  Variety  of  Objefts  to  compare  her  to,  than  the  pure  Air, . 
yet  Ihe  will  feem  big,  as  if  looked  at  over  the  rugged  Top  of  an  uneven 
Town,  or  rocky  Country.     Moreover,  all  Variety  of  adjoining  Objefts  may 
be  taken  off,    bjr  looking  through  an  empty  Tube,    and  yet  the  deluded. 
Imagination  is  not  at  all  helped  thereby. 

The  famous  Thomas  Uobhes  gives  this  Solution.     Let  the  Point  G  be  the  I^'r-  no- 
Center  of  the  Earthy  and  F  the  Eye  on  the  Surface  of  the  Earth  i,  on  the 
lame  Center  G  let  there  be  ftruck  the  two  Arches  EH,  determining  the  Aj?- 
mofphere,  and  A  D  to  reprefent  that  blue  Surface  in  which  we  imagine  the 
Fixed  Stars,  and  let  F D  be  the  Horizon:  Divide  the  Arch  A  D- into  three 

equal 
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•  cqiialParts  by  the  Une?  BF,  CF;  it  is  manifcft  that  the  Angle  AF3  h 
.  greater  than  the  Angle  B  F  C,  and  this  again  is  greater  than' the  Angle  C  F  D; 

Wherefore  (fays  he)  to  make  the  Angle  CF  D  equal  to  the  Angle  CFB, 
^  the  Arch  C  D  niuft  be  greater  than  the  Arch  C  B  -,  and  confequendy,  that  the 
Moon  may  in  the  Horizon  appear  under  the  fame  Angle,  as  when  elevated, 
fhe  muft  cover  a  greater  Arch,  and  therefore  feem  ^eater ;  that  is,  the 
Moon  in  the  Meridian  appearing  under  the  Angle  BF  Q  that  Ihe  may  ap- 
pear under  an  equal  Angle  in  the  Horizon,  as  fuppofe  C  F  D,  *tis  necmary 
that  the  Arch  C  D  ihould  be  greater  than  C  B  j  and  confeqpently,  tha*  fhe 
appear  to  fubtend  a  greater  Arch  when  in  the  Horizon  than  when  elevated* 
yet  fhe  appears  under  die  fame  Angle;  and  aH  this  without  Refraftion.  The 
'  Geometry  of  this  Figure  is  mod  certainly  true  and  demonftrable.     At  this  I 

•  quarrel  not^  but  it  makes  no  more  in  our  prefent  Difficulty  than  if  nothing 
had  been  laid:  For  he  has  made  the  Cirde  GF,  reprefentihg  the  Earth, 

^  very  large  in  Proportion  to  the  Circle  A  D  5  and  then  indeed  taking  the  Pbint 

>  F  in  the  Earth*s  Surface,  and  by  Lines  from  thence  dividing  the  Angle  A  F  D 
into  whatever  equal  Parts,  the  intercepted'  Arches.  A B,  B C,  CD,  Jhali  be 

»  unequal.  But  if  he  had  conGdered,  that  the  Earth  is,  as  it  were,  a  Point  in 
refpedl  of  the  Sphere  of  the  Fixed  Stars,  nay  the  very  annual  Orbit  of  the 

-  Earth  is  almoft  imperceptible,  he  would  have  found  that  the  Lines  F  B,  F  C, 
F  D,  muft  be  all  conceived  as  drawn  from  the  Point  G,  and  then  equal 
Angles  will  intercept  equal  Arches,  and  equal  Arches  equal  Angles :  And 
fo  it  happens  (at  leaft  beyond  the  Poflibility  of  the  Difcovety-  of  Senfe)  tQtfae 
Eye  on  the  Surface  of  the  Earth ;  fo  tlut  his  drawing  his  LiQi:s  fb  hv  fiom 
G  as  F  is,  and  to  another  concentric  Circle  fo  nigh  as  AD,  deceived  him 
in  this  Point. 

The  famous  Gajfendus  has  written  foiir  large  Epiftks  on  this  Subjeft,  die 
Subftance  of  all  which  is.  That  the  Moon  being  nigh  the  Horizon,  and  look- 
ed at  through  a  more  foggy  Air,  cafts  a  weaker  Light,  and  confequendy  forces 
not  the  Eye  fo  much  as  when  brighter  %  and  therefore  the  Pupil  does  more 
enlarge  itfelf,  thereby  tranfmirting  a  larger  Projeftion  on  the  Retina.     In 
this  Opinion  I  find  he  is  not  alone ;  for  this  Difquilition  being  lately  revived 
by  a  French  Abbc^  he  therein  follows  the  Sentiment  of  Gajjendus^  with  this 
Addition,  That  this  contrafting  and  enlarging  of  the  Pupil  caufeth  a  diffe- 
rent Shape  in  the  Eye  y  an  open  Pupil  making  the  Cryftalline  flatter,  and  the 
Eye  longer,  and  the  narrower  Pupit  fliortcning  the  Eye,  and  making  the 
Cryftalline  more  convex ;  The  firft  attends  our  looking  at  Objefts  which  are 
remote,  or  which  we  think  fo  j  the  liatter  accompanies  the  viewing  ObjeAs 
nigh  at  hand.     Likewife  an  open  Pupil  and  flat  Cryftalline  attends  Objefts  of 
a  more  fedate  Light,  whilft  Objefts  of  more  forcible  Rays  require  a  greater 
Convexity  and  narrower  Pupil.     From  thefe  Pofitions  the  Jbhe  endeavoured 
tQ  give  an  Account  of  our  Pb^enomenonj  as  follows:  When  the  Moon  is  nigh 
the  Horizon,  by  Comparifon  with  interpofed  Objedls,  we  arc  apt  to  imagioc 
htr  much  farther  from  ut  than  when  more  efevatcd ;  and  therefore  (favs  he) 
^c  ui  dcr  our  Eyes  as  for  viewing  an  Objedb  farther  frgm  us  j  that  is^  we 
fomethirg  enlarge  ti^  Pupil,  and  thereby  make  the  Cryftalline  more  flat : 

more- 


mo«over,  the  Duflcinefi  oF  the  Moon  in  that  Pofture  does  not  fo'  much' 
ftrain  the  Sight  -,  and  confcquentljr  the  Pupil  will  be  more  large,  and  the 
Cryftalline  more  flat.     Hence  a  larger  Image  Ihall  be  projefted  on  the  Fund 
of  the  Eye,  and  therefore  the  Moon  fhall  appear  larger.     And  this  Difpofi- 
tion  of  the  Eye  that  magnifies  her,  magnifies  alfo  the  Divifions  of  our  fore- 
mentioned  Lattice,  and  confequently  fhe  by  her  Body  fhall  poffcfs  no  more 
of  the  Divifions  ^han  when  flie  feems  lefs. .  Thefe  two  forementioned  Acci-  - 
dents,  viz.  The  Moon's  imaginary  Diftance  and  Duflcilhnefs,  gradually  va-. 
liifhing  as  flic  rifes,  a  different  Species  is  hereby  introduced  in  the  Eye,  and 
con/equently  fhe  feems  gradually  leis  and  lefs,  till  again  fhe  approaches  nigh  . 
the  Horizon.    Thefe  two  Opinions  of  Gajfendus  and  the  Abbe  being  fo  near 
a-kin,  I  fhall  confider  them  both  together :  And  firft  I  affert,  That  a  wider  -. 
or  narrower  Apprture  of  the  Pupil  increafcs  not,  neither  diminifties  the  Pro- 
jcftion  on  the  Retina.     I  know,  Honoratus  Fabtr^  in  his  Sympfis  Opiica^.^ 
cndeavours'to  prove  the  clear  contrary  to  this  my  AfTertion,  and  that  after    f^.  jim. 
tbis^^manner:  AB  is  an  Objeft,  EF  the  greater  Aperture  ofthe. Pupil,  ad-, 
milting  the  ProjeAion  K I  on  the  Retina,  whereas  the  leffer  Aperture  C  D^  . 
admits  only  the  Projeftion  G  H  ;  but  G  H  is  lefs  than  K I,  wherefores  IcfTer 
A{)erture  diminifhes  the  Projeftion.     I  admire  that  any  Man  that  undertook  . 
[ds  Honoratus  Faber)  to  write  of  Optics  more  accurately  than  all  that  went .: 
before  him,  fhould  be  guilty  of  fo  very  grofs  an  Error ;  and  I  do  more  ad- 
mire, ..that  the  celebrated  GaffenduSj  and  with  him  the  noble //w^A*/ix,  fhould  . 
be  of  the  fame  Opinion :  ]f or  tho'  the  aforefaid  Demonftration  hold  nioft 
certainly  true  in  direft  Projedions,  as  in  a  dark  Room  with  a  plain  Hole  ;  . 

SJt  it  will  not  hold  in  Projeftions  made  by  Rcfraftion,  ^  it  is  in  thofe  on  the 
etina  in  the  Eye,  ..by  means  of  the  Cryftalline,  and  other  Coats  and  Hu-    r^  na*  ^. 
mours  of  the  Eye.    For  let  A  B  be  a  remote  Objeft,  and  E  F  theCryflalline. 
at  its  large  Aperture,  -projefting  the  Inwge  I  M  on  the>  Rtina.  .  Let  then 
C  D  be  me  leffer  Aperture  of  the  Pupil  before  the  Cryftalline :  1  fay,  the 
Image  I M  fliall  be  projcfted  as  large  as  before  ;  for  the  Cone  of  Rays  E  A  F 
confifls  partly  of  the  Cone  of  Rays.  CAD;  therefore  where  the  former  E  AF 
isprojefted,  the  latter  CAD,  as  being  a  part  of  the  former,  fhall  be  pro- 
jiefted  alfb.     So  that  no  more  is  effcded  by  this  narrow  Aperture,  but  that  . 
the  Sides  of  the  radiating  Cones  are  intercepted,  and  confequently  the  Point  I 
fliall  be  affeded  with  lefs  Light,  but  it  fhall  flill  be  in  the  fame  Place :  What 
is  laid  of  that  Cone  and  that  Point,  may  be  faid  of  all  other  Cones  and  other 
Points  of  the  Objeft.     From  hence  appears,  Firji^  The  Invalidity  of  the  ; 
Accouru  given  of  the  Moon V Appearance  by  Gajfendus  from  this.  Reafon. 
Secondly^  The  Reafon  appears  why  a  Telefcope's  leflcr  or  greater  Aperture,  ^ 
makes  no  Difference  in  the  Angle  it  receives:  For  imagine  EF. to  be  an  . 
Obje£l*Glafe  of  a  Telefcope,  and  Ms  plain.     Thirdly,  *Ti&  evident  why  a  >* 
greater  or  lefs.  Aperture  on  a  Telefcope  fhould  make  tlie  Objeds  appear  / 
lighter^  or  darker  h  for  thereby  more  or  lefs  Rays  are  admitted  to  determine 
on  the  Projection  of  each  Point.     But  all  this  by  the  by  :  And  this  is  fuffi- 
cicnt  for  a  Confutation  of  Gajfendus  and  Faber.     But  our  forementioned  Jbbe 
fupcradds  to  a  greater  or  Icflfer  Aperture  of  the  Pupil,  as,  a  neccllary  Confe- 
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quent,  a  greater  and  leffer  Convexity  of  the  Cryftalline,  as  alfo  a  Lengthen- 
ing and  Shortening  the  Tube  of  the  Eye.  And  this  I  muft  confefs  would  do 
fomeching,  if  we  find  it  true  in  our  Cafe ;  and  this  let  us  try.  Firfi^  (fays 
he)  The  Duflcifhnefs  of  the  Moon  nigh  the  Horizon  admits  the  Pupil  to  en- 
large itfdf,  the  Cryftalline  to  flatten,  and  the  Eye  to  lengthen  :  But  what  if 
we  change  our  Objed,  and  inftead  of  the  Moon  take  the  Diftance  between 
Tome  of  the  Fixed  Stars  (as  fuppofe  thofe  of  Ononis  Girdle)  we  fliall  find  the 
fame  Phenomenon  \nt\itmy  and  yet  I  hope  neither  he  nor  Gajfendus  will  af- 
fert,  that  they  at  one  Time  ftrain  the  Eye  more  than  at  another,  or  that  at 
any  time  their  Fulgur  ftrains  the  Eye  at  all ;  if  he  do,  let  him  take  Stars  of 
the  kfler  Magnitudes,  nay  even  thofe  that  can  but  juft  be  perceived,  and 
then  he  will  be  convinced :  Or  let  him  confider,  whether  this  .will  hold  in 
looking  at  the  Sun  through  very  dark  Glafles,  which  render  the  Sight  thereof 
as  inoficnfive  to  the  Eye  as  that  of  a  green  Field  ;  but  perhaps  he  will  then 
fay,  that  this  other  Reafon  holds,  which  Is,  Secondly^  That  the  greater  ima- 
ginary Diftance,  at  which  we  think  the  Moon  near  the  Horizon,  than  when 
more  elevated,  makes  us  contemplate  her  as  if  really  fhc  was  fo,  viz.  with 
ample  Pupils,  &fr.  But  this  I  have  fufEciently  overthrown  in  my  Remarks 
againft  Des  Cartes :  Therefore  I  pafs  it  over,  only  fubjoining,  that  if  there 
were  any  thing  in  this  Surmife,  methinks  the  horizontal  Moon  fhould  rather 
b^  fancied  nigher  to  us  than  farther  from  us ;  for  if  we  are  for  trying  natural 
Thoughts,  let  us  take  Children  to  determine  the  Matter,  who  are  apt  to 
think,  that  could  they  go  to  the  Edge  of  that  Space  that  bounds  their  Sight, 
they  (hould  be  able  (as  they  call  it)  to  touch  the  Sky  -,  and  confequently  the 
Moon  feems  then  rather  nigher  to  us  than  farther  from  us. 

After  I  had  writ  thus  far,  I  accidentally  caft  my  Eye  upon  RicciolPs  Trea- 
tife  of  Refraffion^  at  the  End  of  his  Second  Volume  o\  Almagefi^  Lib.  lo. 
SeSl.  6.  Cap.  i.  ^eji.  13.  wherein  he  fpeaks  of  our  prefent  Difficulty  5  but 
to  my  wonder  I  find  him  aflert.  That  he  and  Father  Grimaldi  had  often 
taken  the  horizontal  Sun  and  Moon's  Diameters  by  a  Sextant,  when  to  the 
naked  Eye  they  appeared  very  large  (Grimaldus  dircfling  his  Sight  to  the  left 
Edge,  and  Ric dolus  to  the  right)  and  that  even  by  the  Inftrument  they  al- 
ways found  the  Diameters  greater  than  when  more  elevated,  the  Sun  often 
Tubtending  an  Angle  of  almoft  a  Degree,  and  frequently  45  Minutes,  the 
Moon  alfo  38  or  40  Minutes,  This  is  downright  contrary  to  the  Matter  of 
Fadl  which  1  have  before  alledged,  and  direftly  repugnant  to  the  Matter  of 
Faft  affcrted  by  the  forementioned  French  Abbe :  Whether  of  us  be  in  the 
right,  I  leave  to  accurate  Experiment  to  determine,  and  fubmit  the  Whole 
to  the  Decifion  of  the  illuftrious  Royal  Society,  Only  give  me  leave  to  add 
one  Word  againft  Riccioli  \  for  had  his  Experiments  been  accurately  profe*- 
cuted,  he  (hould  have  tried  them  when  the  horizontal  Moon  had  looked 
ten  limes  more  large  in  Diameter  than  ordinary ;  and  then,  if  it  be  true, 
that  even  by  an  Inftrument  fhe  Will  be  found  proportionally  broader ;  then 
really  flie  fhould  fubtend  an  Angle  of  300  Min.  or  5  Deg.  for  very  often  I 
have  fecn  the  Moon  when  Ihe  appeared  ten  times  broader  than  ordinary, 
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which  the  fmall  Addition  of  8  or  lo  Min.  to  her  ufual  Diainetcr  will  never 
caufe. 

2.  I  difcourfed  of  this  Appearance  near  40  Years  ago  with  Mr.  Fofier^rbhPi,tnmumm 
then  Profefor  of  Aftronomy  in  Grefoam  College,  who  did  then  affure  me  ^^-^^'^^^.i  ^ 
(from  his  own  Obfcrvation  I  fuppofe)  that  the  apparent. Magnitude  taken  by  /^/i.^V^. 
Inftrumcnts  (however  the  Fancy  may  apprehend  it)  is  not  greater  at  the  Ho- 
rizon than  when  higher.  Mr.  Cafwell  affirms  the  fame  Thing;  and  I  do 
not  doubt  but  the  Thiiig  is  fo  :  For  though  Refradion  near  the  Horizon  al- 
ters the  Altitude  of  the  Thing  feen  ;  yet  it  cannot  alter  the  Azimuth  at  all. 
For  fince  this  equally  refpeAs  all  Points  of  the  Horizon  ;  let  the  Refradion 
be  what  it  will,  the  whole  Horizon  can  be  but  a  Circle:  So  that  there  is  no 
room  for  the  Breadth  of  a  Thing  (as  to  the  Angle  at  t.ie  Eye)  to  be  made 
greater,  whatever  its  Tallnefs  may  (the  Refradtion  noc  equally  atttfting  ail 
Parts  in  the  Circles  of  Altitude).  Nor  is  there  any  Reafon,  why  this  (hould 
rather  thruft  the  other,  than  the  other  thruft  this,  out  of  Place.  Whereas, 
in  the  Altitude,  it  is  otherwife  :  For  while  what  is  near  the  Horizon  is  en- 
laiged,  that  which  is  further  off  is  thereby  contraftcd  :  which,  as  to  the  Azi- 
muth, or  Horizontal  Pofition,  cannot  be. 

Suppofing  then  that  the  Sun's  apparent  Horizontal  Diameter,  taken  by 
Inftrument,  is  the  fame  near  the  Horizon,  as  in  a  higher  Pofition  \  I  take  its 
imaginary  Greatnefs,  which  is  fancied  near  the  Horizon,  to  be  only  a  De- 
ception erf"  the  Eye,  or  rather  the  Imagination  from  the  Eye. 

For  fure  it  is,  that  the  Imagination  doth  not  eftimate  the  Greatnefs  of  the 
Ofcgeft  feen,  only  by  the  Angle  which  it  makes  at  the  Eye ;  but,  by  this 
compared  with  the  fuppofed  Diftance.  True  it  is,  that,  ceteris  paribus^  wc 
judge  that  to  be  the  greater  Objeft  which  makes  at  the  Eye  the  greater  An- 
gle; but  not  fo,  if  apprehended  at  different  Diftances. 

For  if  through  a  Cafement  (or  Icflcr  Aperture)  we  fee  a  Houfe  at  lOO 
Yards  Diftance ;  this  Houfe  (though  feen  under  a  lefs  Angle)  doth  not  to  us 
ieem  lels  than  the  Cafement  through  which  we  fee  it,  (or  this  greater  than 
that,  bccaufc  it  makes  at  the  Eye  the  greater  Angle)  but  the  Imagination 
makes  a  comparative  Eftimate  from  the  Angle  and  Diftance  jointly  con- 
&]ered. 

So  that  of  two  Things  feen  under  the  fame  or  equal  Angles,  if  to  one  of 
Aem  there  be  ought  which  gives  the  Apprehenfion  of  a  greater  Diftance^ 
that  to  the  Imagination  will  appear  greater.  Now  fure  it  is,  that  one  great 
ibvantage  for  cftimating  the  Diftance  of  a  Thing  feen,  is  from  the  Variety 
of  intermediate  Objefts  between  the  Eye  and  the  Thing  feen.  For  then  the 
pagination  muft  allow  room  for  all  thefe  Things. 

m)w  when  the  Sun  or  Moon  is  near  the  Horizon,  there  is  a  Prolped  of 

!ills,  and  Valleys,  and  Plains,   and  Woods,  and  Rivers,   and  Variety  of 

^iclds  and  Inclofures,  between  it  and  us;  which  prefcnt  to  our  Imagination 

i   great  Diftance  capable  of  receiving  all  thefe  :   Or  if  it  fo  chance  that  (in 

bme  Pofition)  thefe  Intermediates  are  not  aduailly  feen  5  yet  having  been  ac- 

^  nftomed  to  fee  them,  the  Memory  fuggefts  to  us  a  View  as  large  as  is  the  vi- 

:  ible  Horizon. 
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But  when  the  Sun  or  Moon  is  in  a  higher  Pofition,'  we  fee  nothing  be- 
tween  us  and  them  (unlels  perhaps  fome  Clouds)  and  therefore  nothing  to 
prefent  to  our  Imagination  fo  great  a  Diftanceas  the  other  is. 

And  therefore,  though  both  be  feen  under  the  fame  Angle,  they  do  not 
appear  (to  the  Imagiijation)  of  the  fame  Bignefs  ;  becaufe  not  both  fancy*d  ac 
the  fame  Diftances  :  But  that  near  the  Horizon  is  judged  bigger  (becaufe  fup- 
pofed  farther  off)  than  the  fame  when  at  a  greater  Altitude. 

'Tis  true,  that  as  to  fmall  and  middling  Diftances  (befides  this  Eftimate 
from  Intermediates)  the  Eye  hath  a  Means  within  itfelf  to  make  fome  Efti- 
mate  of  the  Diftance.  As,  when  we  already  know  the  Bignefs  of  a  thing 
feen,  to  which  we  have  been  accuftomed ;  as,  a  Man,  a  Tree,  a  Houfc,  or 
the  like  :  If  fuch  thing  appear  to  us  under  a  fmall  Angle,  and  indiftinft,  and 
faintly  coloured,  the  Imagination  doth  allow  fuch  Diftance  as  to  make 
fuch  a  thing  fo  to  appear.  And  if  this,  through  a  Perfpeftive-Glafi,  be 
rcprefented  to  us  under  a  bigger  Angle,  and  more  diftinft,  it  is  accordingly 
apprehended  as  fo  much  nearer.  But  the  Cafe  is  otherwife,  when  we  do  not^ 
by  the  known  Bignefs,  judge  the  Diftance  ;  but,  by  the  fuppofed  Diftance, 
judge  of  the  Bignefs,  as  in  the  Cafe  before  us.  And  accordingly,  different 
Perfons,  according  to  different  fancied  Diftances,  judge  very  differently. 

Again  :  In  our  two  Eyes  (when  the  Objeft  is  feen  by  both)  there  is  yet 
another  Means  of  eftimating  how  far  off  it  is.  (And  it  is  this  by  which  we 
judge  of  Diftances.)  Namely,  there  are  from  the  fame  Objeft,  two  difie- 
renr  vifual  Cones,  terminated  at  the  two  Eyes;  whofc  two  Axes  contain,  at 
the  Objeft,  different  Angles,  according  to  different  Diftances  -,  an  acuter  An- 
gle ac  a  greater  Diftance,  and  more  obtufe  when  nearer. 

Now,  that  fuch  Objeft  may  be  feen  by  both  Eyes  clearly,  it  is  requifice 
that  the  Eyes  be  put  in  fuch  a  Pofition,  as  that  the  Sight  of  each  Eye  receive 
the  refpeftive  Axis  at  Right  Angles ;  which  requires  a  different  Pofition  of 
the  two  Eyes,  according  to  the  different  Diftance  of  the  Objedt :  As  will 
manifeftly  appear,  if  we  look  with  Attention  on  a  Finger  (or  other  fmall 
Objed)  at  2  or  3  Inches  Diftance  from  the  Eye,  and  then  upon  another 
hke  Objeft  at  3  or  4  Yards  beyond  it  (and  this  alternately  fcveral  times.) 
For  it  will  be  manifeft,  that  while  we  look  intently  on  the  one,  we  do  not 
fee  the  other  (or  but  confufedly)  though  both  -be  juft  before  us.  And,  as 
we  change  our  View,  from  the  one  to  the  other,  we  manifeftly  feel  a  Motion 
of  the  Eyes  (by  their  Mufcles)  from  one  Pofture  to  another. 

And  according  to  the  different  Pofture  in  the  Eyes,  requifite  to  a  clear  "Wl- 
lion  by  both,  we  eftimate  the  Diftance  of  the  Objedl  from  us. 

And  hence  it  is,  that  they  who  have  loft  the  Sight  of  one  Eye,  are  at  a 
great  Difadvantage,  as  to  eftimating  Diftances,  from  what  they  could  do 
while  they  had  the  Ufe  of  both. 

But  now  when  the  Diftance  grows  (6  great,  as  that  the  Pofition  of  theie 
vifual  Axes  become  parallel,  or  fo  near  to  parallel  as  not  to  be  diftinguifhable 
from  it,  this  Advantage  is  loft,  and  we  can  thenceforth  only  conclude,  that 
it  is  far  off;  but  not  how  far.  Hence  it  is,  that  our  View  can  make  no  Di- 
ftindion  of  the  Moon's  Diftance  from  that  of  the  other  Pianets>  or  even  of 

the 
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die  fixed  Stare :  But  they  fccm  to  us  as  equally  remote  from  us ;  though 
we  othcrwife  know  their  Diilanees  from  us  to  be  vaftly  different;  be- 
caufe  the  Parallax  (as  I  may  fo  call  it)  from  the  different  Pofition  of  the  two 
Eyes,  is  quite  loft,  and  undifternable  in  Diftances  much  lefs  than  the  lead  of 
thefe. 

So  that,  though  as  to  fmall  Diftances  we  may  make  fome  Eftimate  from 
the  known  Magnitude  of  the  Objeft;  and  as  to  middling  Diftances,  from 
the  Parallax  (as  I  may  call  it)  arifing  from  the  Interval  of  the  two  Eyes : 
Yet  even  this  latter  will  hardly  reach  beyond,  if  fo  far  as,  the  vifible  Hori- 
zon, and  all  beyond  it  is  loft.  And  therefore,  there  being  nothing  left  to 
affift  the  Fancy  in  eftimating  fo  grefat  a  Diftance,  but  only  the  intermediate 
Objcfts  ;  where  thefe  Intermediates  appear  to  the  Eye  (as  when  the  Sun  or 
Moon  are  near  the  Horizon)  the  Diftance  is  fancied  greater,  than  where  they 
ai^)ear  not  (as  when  farther  from  it)  and  confequcntly  (though  both  under  the 
fame  or  equal  Angles)  that  near  the  Horizon  is  fancied  the  greater :  And  this 
I  judged  to  be  the  true  Reafon  of  that  Appearance. 

Vni.  We  took  a  Cylinder  of  caft  Brafs,  A  BCD,  and  cut  one  End  of  ^•^*^'««' 
it  CD,  perpendicular  to  the  Axhacxy  the  other  End  AB,  inclined  to  it  ^^ ^t  ^^7fj'" 
at  an  Angle  of  about  27  deg.  30  min.  and  therefore  the  Perpendicular  to  this  ^''-  i^wihorpe, 
inclining  Plane  pr,  and  the  Axis  of  the  Cylinder  a  ex,   comprehended  an  MaJ.  An.^699?* 
Angltpc  a,  of  about  62  deg.  30  min.     Thefe  Ends  were  ground  very  true 
upon  a  Glafe-Grinder's  Brafs  Tool,  and  each  of  them  was  compafs'd  about  f/^.uj. 
with  a  narrow  Peril  of  thin  Brafs  iiib.     Into  the  upper  Side  of  the  Cylin- 
der, at  E,  was  foldered  the  Brafs-Pipe  E  F,  and  into  the  under  Side,  at  G,  the 
other  Brafs-Pipe  G  H  ;  the  former  of  thefe  Pipes  being  about  3  Inches  long, 
and  the  latter  6  Inches,     Upon  the  Plate  ddd,  were  fixed  two  other  Plates, 
LL,  perpendicular  to  it,  and  parallel  to  each  other.    Each  of  thefe  two  Plates 
had  an  Arch  of  a  Circle  (whofe  Diameter  was  equal  to  that  of  the  Cylinder) 
cut  out  of  its  proper  Edge  ;  fo  that  when  the  Pipe  G  H  was  let  thro*  a  Hole 
near  the  Middle  of  the  Place  dddy  the  Cylinder  fell  into  the  Arches  ;  and 
being  faftened  there  with  Solder,  the  Axis  acxhy  Parallel  to  the  Plate  ddd^ 
and  about  an  Inch  and  an  half  above  it.     The  perpendicular  End  of  the  Cy- 
linder, D  C,  was  clofed  with  an  Objedt  Glafs  of  a  7^  Foot  Telefcope  0  0^    . 
and  the  inclining  End  AB,  with  a  well  poliflied  flat  Glals,  //;  which  was 
carefully  chofen  to  tranfmit  the  Object  diftinA  enough,  notwithftanding  its 
Obliquity  to  the  vifual  Rays.     The  Perils  were  filled  with  Cement  round 
about  the  Edges  of  the  Glafles,  which  lay  flat,  and  every  where  touched  the 
finooth  Ends  of  the  Cylinder,  that  they  might  firmly  fupport  the  Weight 
and  Preffure  of  the  excluded  Air. 

Inftead  of  a  Ciftern  (as  in  the  Torricellian  Experiment)  we  madeufc  of  the  Fig,  ,14. 
inverted  Syphon  of  Brafs  MNO,  folder'd  to  the  Plate  ^^^.     One  of  the 
Sides  MN,  ftood  perpendicular  to  the  Plate  ggg^  and  the  other  Side  N  O, 
inclined  to  it,  and  was  fupported  near  the  upper  End  O,  with  a  little  Piece 
of  Brafs,  k  k. 
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We  then  placed  the  Cylinder  upon  a  Table,  which  wtt  weU  faftened  cOt 
Fig.  tjf.  a  firm  Floor :  The  Pipe  G  Hs  was  let  through  a  Hole  in  the  Top  of  tho 
Table;  and  the  Plate  J ^e/,  wa3  nailed  down  to  it:  The  Tube  of  the.Tc- 
kfcope  sssy  with  the  Eye-Glafs  in  it,  was  applied  to  the  Objeft-Glais,  and 
a  Hair  fixed  at  x,  the  common  Focus  of  both  Glaffcs,  in  the  Axis  of  the 
Cylinder  continued  to  it.  Upon  the  Floor  (Uhder  the  Cylinder-)  we  nailed 
the  Plate  ^^^,  with  the  inverted  Cyplion  upon  it,  and  joined  M  (o  H,  by 
the  Infertion  of  the  Glafs  Tube  T.  The  Joints  were  very  carefully  cloied 
with  Cement,  and  then  covered  over  with  Pieces  of  a  Bladder  wrapped  hard 
.with  ftrong  Thread.  There  >yas  alfo  a  Bladder  tied  below  each  Joint  at  m^ 
and  when  it  was  filled  with  Water  it  was  tied  about  at  » j  fo  that  no  Air 
could  come  to  the  Cement,  to  infinuate  itfelf  through  its  Pores  or  Fiffui:c6, 
if  any  happened  to  be  left  unclofed. 

It  will  not  (I  hope)  be  thought  more  than  neceflary,  that  in  (his  Account 
of  the  Apparatus^  I  have  mentioned  fo  many  minute  Circumftaoces ;  for 
we  found  it  difficult  enough  to  exclude  the  Air,  and  alrnqfl  indpoflibie  tQ 
difcover  the  very  little  Holes  through  which  fo  (ubtle  a  Fluid  would  free- 
ly enter  and  poffefs  the  Spaces  deferted  by  the  fubfiding  Mercury.  But»  with 
all  this  Precaution,  the  Experiment  fucceeded  at  Jaft,  as  1  wifljcd  5  after  lhi$ 
Manner : 

We  placed  the  Objcdt  a  (which  was  a  black  Thread  faftened  in  a  littl* 
Frame  over  a  Piece  of  white  Paper)  in  the  Axis  of  the  Cylinder  jr  ca:  We 
tilled  the  Pipes  and  Cylinder  with  Mercury ;  and  having  ftopped  the  uppqr 
End  of  the  Pipe  at  F,  with  the  little  Iron  Stopple  K,  and  clofed  it,  at  the 
upper  Part  of  the  Tube  and  other  Joints,  we  let  the  Mercury  run  out  gentljr 
at  O  (into  the  Bladder  u)  till  it  remained  fufpended  at  the  ufual  Height  (as 
in  the  Barometer)  leaving  the  upper  Part  of  the  Tube,  and  the  Cavity  of  cbe 
Cylinder  between  the  Glaffes  0  0^  and  //,  void  of  Air.  We  then  iaw  the 
Objcd,  which  before  appeared  in  the  Axis  •at  9c^  raifed  confiderably  above  it  % 
and  we  reduced  it  to  appear  again  at  x,  by  removing  it  from  a  to  «.  The 
Axis  therefore  of  the  vifual  Ray  (which  was  alfo  the  Axis  of  the  Cylinder) 
xca^  falling  perpendicularly  on  the  void  Space,  p^ed  through  it  without 
any  Refraction:  but  emerging  obliquely  into  the  Air,  it  was  refrafted  co- 
wards the  Perpendicular  p  c^  and  received  a  new  -Diredton  to  «.  And 
therefore  the  Diftance  a»^  fubtendcd  the  Angle  of  Refradion  ac»\  all 
which  we  meafurcd,  and  found  as  follows  j  viz. 

Inches.      Dee.Parfi. 

The  Height  of  the  Objcft  above  the  Axis,  or  the  7 

unrefraded  vifual  Ray  ^i» j      coo  425 

The  Diftance  of  the  Objeft  from  the  refrafting?      ^ 
Plain  «c,  about  51  Feet^  or    —    —    —    J        ^^ 


000 


Deg.  Mm.  Sec. 

Tberefbie  the  Angle  of  Refradtion  ii  r  o^  was  -— ^       00  02  23 

The  Angleof  Emerfion^tf  tf,  (by  theConftru6tion  7        /:^  ^ 

of  the  Cylinder)  was      J    •.     ^    ^    ^      ^^  3©  «> 


There- 
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Theiefore  the  Aos^eoF  Incidence  pcm  -szp  ea-\t 
ac^i  was    —I    —    —    -^  .*-•  » -« 


} 


Deg.    Mn.     S^c. 

6z       27       37 


And  therefore  tmiverfallyy  (according  to  the  known  Laws  of  Refradtion) 


The  Sines  of  the  Angles  of  Incidence  being    —    — 
The  Sines  of  the  Angles  of  Emerfion  are      ^^     .^ 
Aad  the  vtfnSdvt  Power  of  the  denfe  Air    .*«^     ^^ 


—     —     100000 
~    —      100036 

35 


By  the  refra^ive  Pjkv&  of  a  pellucid  Body,  I  mean  that  Property  in  it 
whereby  the  oblique  Rays  of  Light  are  diverted  from  their  diredl  Courfe, 
and  which  is  meafijrcd  by  the  proportional  Differences  (always  obferved) 
between  the  Sines  of  the  Angles  of  Incidence  and  Emcrfion. 

This  Property  is  not  always  proportional  to  the  Denfity  (at  Jeaft  not  to 
the  Gravity)  of  the  refrafting  Medium :  For  the  refradive  Power  of  Glafe 
to  that  of  Water  is  as  ^5  to  34,  whereas  its  Gravity  is  as  87  to  34 ; 
thacisy  the  Squarjes  of  their  refadive  Powers  are  (very  near)  as  their  re- 
fpeftivc  Gravities.  And  there  are  Ibme  Fluids,  which,  tho*  lighter  thari 
Watcr^  yet  have  a  greater  Power  of  Refraftion  ;  Thus  the  refraftive  Power 
of  Spirit  of  Wine  (according  to  Dr.  Hook*s  Experiment,  Microgr.  Obf.  Iviii. 
p.  220.)  is  to  that  of  Water,  as  ^6  to  23  •,  and  its  Gravity  reciprocally  as 
«3  to  36,  or  36^.  But  the  refraftivc  Powers  of  Air  and  Wafer  fecm  to 
obferve  ihcfimple  Proportion  of  their  Gravities  dinilfy,  as  I  have  compared 
tiKm  in  the  following  Table.  The  Numbcre  there  exprefling  the  Refra- 
in of  Water  arc  taken  from  the  Mean  of  Nine  •  Experiments,  made  at 
h  many  feveral  Angles  of  Incidence,  Jan.  25,  164^,  by  Mr.  Gafcoigne^ 
(the  ingenious  firft  Inventor  of  the  Micrometer,  and  the  Ways  of  meafuring 
Angles  by  Tele£:opes)  and  thofe  of  Air  are  produced  by  the  preceding  Ex- 
periment. 


The  (afiumed)  Sines  of  the  Angles  of  Incidence') 
on  the  Void  fi-om    —    *-.    —    —    —    — y 

The  Sines  of  the  corrcfpondent  Angles  of  Emcr- 
fion out  of    —    «>-•*«•-—    —    —     -— 

The  refraftive  Power  of    —    — .    — .     —    — 

The  fpecifick  Gravity    (^if  as  900  to   i  at   thel 
Time  of  the  Experiment)  of    —    i—     *-    —  j 

Or  (if  as  850  to  i)  of    —    —    —    —    — .    — 


fFater.      Air. 


\ 
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34400 

36 

34400 

38 

34400 

40 

I  am  indebted  for  dieie  Experiments  to  the  Rieverend  and  very  accurate  Aftronomer  Mr. 
i  m/UaJi  who  copied  them,  rogether  with  many  other  ObTervations  and  feveral  PafTages  re- 
Is  ing  to  them,  from  Mr.  Ga/coigm's  Letter  to  Mr.  Crahtree:  They  were  happily  prefenrcd, 
ii  the  Time  of  our  Civil  War,  by  the  late  Sir  yonai  Moor^  and  Mr.  Cbr.  Townleyi  and  they 
Si  eiK»w  in  the  Han<h  of  Mr.  Rich,  Townky^  of  Townley  ia  LoMcaJtin,  by  whom  they  were 
ii  ^aMi,(oamTiim9g(^WiAx.Fl0m/had. 

From 
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From  hence  it  feems  very  probable,  that  their  refpeftive  Denfides  and 
refraftive  Powers  are  in' a  }u&  Jhf^Ie  Proportion.  And  if  this  (hould  be 
confirmed  by  fucceeding  Experiments,  made  at  different  Angles  of  Inci- 
dence, and  with  Cylinders  continuing  exhaufted  through  feveral  Changes 
.  of  the  Air,  it  would  be  more  than  probable  that  the  refraftivc  Powers  of 
the  Atmofphere  are  every  where,  and  at  all  Heights  above  the  Earth,  pro- 
portional to  its  Denfities  and  Expanfions :  And  then  it  would  be  no  difficult 
Matter  to  trace  the  Light  through  it,  fo  as  to  terminate  the  Shadow  of  the 
Earth,  .and^togcther  with  proper  Expedients  for  meafijring  the  Quantity  of 
Light  illuminating  an  opake  Body)  to  examine  at  what  Diftances  the  Moon 
muft  be  from  the  Earth,  to  fgfFer  Eclipfes  of  the  obferved  Duration. 

ro  find  the  Pa-  IX.  Givc  mc  leave  to  fuggeft  a  Speculation,  which  hath  been  in  my 
^rfxeVslan)  by  Thoughts  thefe  forty  Years  or  more;  but  I  have  not  had  the  Opportunity 
Dr,  waiiis,  to  of  reducing  it  to  Praftice  :  It  is  concerning  the  Parallax  of  the  fixed  Stars, 
MoiyTeix""*     as  to  the  Earth's  annual  Orbit. 

July,  An.  1693.  Galileo  complains  of  it  a  great  while  fince  (in  his  Syftema  Cofmcum)  as  a 
N.  202.^844.  j-j^jjjg  pQj  attempted  to  be  obferved  with  fuch  Diligence  as  he  could  wifli  5 
and  1  doubt  we  have  the  fame  Caufe  of  complaining  ftill.  I  know  that  Dr. 
Hook  and  Mr.  Flamjlead  have  attempted  fomewhat  that  way,  but  have  de- 
fifted  before  they  came  to  any  Thing  of  Certainty.  What  hath  been  dooe 
to  that  Purpofe  Abroad  I  know  not. 

Galileo  hath  fuggefted  divers  Things  confiderable  in  order  to  it  5  as,  the 
Times  of  Obfervation,  the  Stars  to  be  obferved,  and  the  Manner  erf"  ob- 
lerving  them  ;  which  yet  I  doubt  is  not  prafticable.  That  which  occurred 
to  my  Thoughts  upon  thcfc  Confiderations,  was  to  this  purpofe  :  That  fome 
circumpolar  Stars  (nearer  to  the  Pole  of  the  Equator  than  is  our  Zenith^  and 
not  far  from  the  Pole  of  the  Zodiack)  (hould  be  made  choice  of  for  this  pur- 
pofe.  And  in  cafe  the  meridional  Altitude  be  difcernibly  different  at  dific- 
rent  Times,  fo  will  alfo  be  their  utmoft  Eaft  and  Weft  Azimuth,  which  may 
be  better  obferved  than  their  Rifing  or  Setting  :  And  this  will  not  be  ol>- 
noxious  to  the  Refraftion,  as  is  the  meridional  Altitude  (for  though  the 
Refradion  do  affeft  the  Altitude,  yet  not  the  Azimuth  at  all ;)  and  we  may 
here  have  choice  of  Stars  for  the  purpofe  •,  which,  in  Obfervations  from  the 
Bottom  of  a  Well,  we  cannot  have  5  being  there  confined  to  thofe  only  which 
pafs  very  near  our  Zenith,  tho*  very  fmall  Stars. 

I  would  then  take  for  granted,  as  a  Thing  at  leaft  very  probable,  that 
the  fixed  Stars  are  not  all  (as  was  wont  to  be  fuppofed)  at  the  fame  Diftance 
from  us,  but  the  Diftance  of  Ibme  vaftly  greater  than  of  others  j  and  confe- 
quently,  though  as  to  the  more  remote,  the  Parallax  may  be  undifcernible, 
it  may,  perhaps,  be  difcernible  in  thofe  that  are  nearer  to  us. 

And  thofe  we  may  reafonably  guefs  (though  we  arc  not  fure  of  it)  to  be 
neareft  to  us,  which  to  us  do  appear  biggeft  and  brighteft,  as  are  thofe  of  the 
Firji  and  Second  Magnitude  ;  and  there  are  at  leaft  of  the  5^f^»i  Magnitude 
pretty  many  not  far  from  the  Pole  of  the  Ecliptic  (as  that  in  particular  ia 
the  Shoulder  of  the  Lejfer  Bear:)  And,  in  cafe  we  fail  in  one,  wc  may  try 

again 
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again  and  again  on  fome  other ;  which  may  chance  to  be  nearer  to  us  than 
what  we  try  firft.  And  Stars  of  this  Bignefs  may  be  difcerned  by  a  mode- 
rate  Telefcope,  even  in  the  Day-time  ;  efpecially  when  we  know  juft  where 
to  look  for  them. 

The  Manner  of  Obfervation,  I  conceive,  may  be  thus.  Having  firft 
pitched  upon  the  Star  we  mean  to  obferve,  and  having  then  confidered 
(which  is  not  hard  to  do)  where  fuch  Star  is  to  be  feen  in  its  greateft  Eaft 
or  Weft  Azimuth ;  it  may  be  then  convenient  to  fix  (very  firm  and  ftcd- 
dily  on  fome  Tower,  Steeple,  or  other  high  Edifice,  in  a  convenient  Situ- 
ation) a  good  Telefcopic  Objeft-Glafs  in  fuch  Pofition  as  may  be  proper  for 
viewing  that  Star.  And  at  a  due  Diftance  from  it,  near  the  Ground,  build 
on  purpofe  (if  already  there  be  not  any)  fome  little  Scone  Wall,  or  like  Place, 
on  which  to  fix  the  Eye-Glafs,  fo  as  to  anfwer  that  Objeft-Glals :  And  having 
fo  adjufted  it,  as  through  both  to  fee  that  Star  in  its  defired  Station  (which 
may  beft  be  done  while  the  Star  is  to  be  feen  by  Night  in  fuch  Situation, 
near  the  Time  of  one  of  the  Solftices)  let  it  be  there  fixed  fo  firmly,  as  not 
to  be  difturbed  (and  the  Place  fo  fecured,  as  that  none  come  to  diforder  it) 
and  care  be  taken  fo  to  defend  both  the  Glaffes,  as  not  to  be  endangered  by 
Wind  and  Weather.  In  which  Contrivance,  I  am  beholden  to  Mr.  John 
Cafwel^  M.  A.  of  Hart  Hall  in  Oxford^  for  his  Advice  and  Afliftance,  with 
whom  I  have  many  Years  fince  communicated  the  whole  Matter. 

This  Glafe  being  once  fixed  (and  a  Micrometer  fitted  to  it,  fo  as  to  have 
b  Threads  perpendicular  to  the  Horizon,  to  avoid  any  Inconvenience  which 
might  arife  from  Diverfity  of  Refradion,  if  any  be)  the  Star  may  then  be 
viewed  from  Time  to  Time  (for  the  following  Year,  or  longer)  to  fte  if  any 
Change  of  Azimuth  can  be  obfcrved. 

This  I  thought  fit. to  recommend  to  your  Confideration,  who  do  fo  well 
underftand  Telefcopes,  and  the  Managery  of  them  :  But  when  I  fuggeft  (as 
a  convenient  Star  for  this  purpofe)  the  Shoulder  of  the  Lejfer  Bear  (as  being 
the  neareft  to  the  Pole  of  the  Zodiack  of  any  Star  that  is  of  the  Firft  or  Se- 
cond Magnitude)  I  do  not  confine  you  to  that  Scar  5  but  (without  retracing 
that;  fuggeft  another ;  namely,  the  Middle  Star^  in  the  Tail  of  the  Great 
Bear,  which  (though  fomewhat  further  from  the  Pole  of  the  Zodiack)  is  a 
brighter  Star  than  the  other,  and  may  be  nearer  to  us. 

But  I  do  it  principally  upon  this  Confideration ;  namely,  That  there  is 
adhering  to  it  a.  very  fmall  Star  (which  the  Jrais  call  JJcor,  of  which  they 
have  a  proverbial  Saying,  when  they  would  defcribe  a  fharp-fighted  Man, 
That  he  can  difccra  the  Rid^r  on  the  Middle  Horfe  of  the  }Vayn :  And  of  one 
^  0  pretends  to  fee  fmall  Things,  but  overlooks  much  greater,  f^idit  Alcor 
a  non  Lunam  Plenam)  which  Hevelius  in  his  Obfervations  finds  to  be  di- 
fl  nt  from  it  about  nine  Minutes  and  five  or  ten  Seconds :  So  that  befides 
d  !  Advantage  of  difcovering  the  Parallax  of  the  greater  Star,  if  difcernible ; 
d  e  Diflfcrence  of  the  Parallax  of  that  and  of  the  leffer  Star  (being  both  with- 
ii  the  Reach  of  a  Micrometer)  may  do  our  Work  as  well.  For  if  that  of 
tl  •  greater  Star  be  difcernible,  but  that  of  the  leffer  be  either  not  difcernible 
Q  lefe  di&ernible,  their  different  Diftances  from  each  other  at  different  Times 

of 
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oF  the  Year  may  perhaps  (without  farther  Apparatus)  be  diicerned  by  a  good 
Telefcope  of  a  competent  Length,  furniftiod  with  a  Micrometer,  if  carefully 
preferved  from  being  difordered  in  the  Intervals  of  the  Obfervations ;  and 
difcover  at  once,  both  that  there  is  a  Parallax,  and  that  the  Fixed  Stars  arc 
'  at  different  Diftanccs  from  us;  wherein,  that  I  may  not  be  miflaken,  my 
Meaning  is  not  that  the  Inttrument  or  Micrometer  fliould  be  removed  for  the 
obferving  of  the  Leffer  Star,  but  that  (when  the  Azimuth  of  the  Greater 
Star  is  taken)  by  a  Micrometer  (confiding  of  divers  fine  Threads  parallel  and 
tranfverfe)  may  (at  the  fame  Time)  be  obferVed  the  Diftance  of  the  two 
Stars,  each  from  other,  in  that  Pofition  (both  being  at  once  within  the  Reach 
of  the  Micrometer)  Which  Diftance  (the  Inftrument  remaining  unmoved)  if 
•  it  be  found  (at  different  Times  of  the  Year)  not  to  be  the  fame,  this  will 
prove  that  there  is  a  different  Parallax  of  thefe  two  Stars. 

This  latter  Part  of  the  Obfervation  (of  their  different  Diftances  at  different 
Times)  I  fuggeft  as  more  eafily  pradicable,  though  not  fo  nice  as  the  for* 
xner :  For  it  may  be  done,  I  think,  without  any  further  Apparatus  there  than 
a  good  Telefcope  of  ordinary  Form,  furniflied  with  a  Micrometer,  (this  be- 
ing  carefully  kept  unvaried  during  the  Interval  of  thefe  Obfervations.)  And 
if  this  Part  only  of  the  Obfervation  (without  the  other)  be  purfued,  it  mat- 
ters not  though  the  two  Obfervations  (near  the  two  Solftices)  be,  one  at  the 
Eaftern,  the  other  at  the  Weftern,  Azimuth  (whereby  both  may  be  taken 
in  the  Night-time)  for  the  Diftance  muft  (at  both  Azimuths)  be  the  fame 
If,  after  obferving  the  Azimuch  of  the  greater  Star,  it  be  neceflary  to  move 
the  Micrometer  for  meafuring  its  Diftance  from  Alcar^  that  may  be  done  ano- 
ther Night,  (and  it  is  not  neceflary  to  be  done  at  one  Obfervation)  for  that 
Diftance  cannot  be  difcemibly  varied  in  a  Night  or  two. 

CMceming  tU        X.  Siucc  the  Pythagorean  Syftem  of  the  World  has  been  revived  by  Copir<- 

Fi^Tlfrl^i  h^^^^^^   (^"^  ^^^  ^y  ^"  Mathematicians  accepted  for  the  true  one)  there 

Mr.  Francis'     fccmed  Ground  to  imagine,  that  the  Diameter  of  the  Earth's  annual  Courfe 

S^tT'.Moi.  (w'^^^^j  according  to  our  beft  Aftronomers,  is  at  leaft  40000  Times  bigger 

'*°^'  '        than  the  Semidiameter  of  the  Earth)  might  give  a  fenfiblc  Parallax  to  the 

Fixed  Stars,  and  thereby  determine  their  Diftance.     But  there  are  fooK  Coa^ 

fiderations  which  make  us  fufpedt  that  even  this  Bafis  is  not  large  enough  for 

that  Purpofe. 

M.  Huygens  (who  is  very  exaft  in  his  Aftronomical  Obfervations)  tells  us. 
He  could  never  difcover  any  vifible  Magnitude,  in  the  Fixed  Stars,  though 
he  ufed  Glafles  which  magnified  the  apparent  Diameter  above  100  Tioies. 

Now,  fince  in  all  likelihood  Ae  Fixed  Stars  are  Suns,  (perhaps  of  a  differ 
rent  Magnitude)  we  may,  as  a  reafonable  Medium^  prdbme  they  are  gen&> 
rally  about  the  Bignefs  of  our  Sun. 

Lex 
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Let  w  then  (far  Ewmplc)  fuppofe  the  Dog-Siar  to  be  ia  The  Diftanco 
ftota  us  tx>  the  Sun  being  iibout  i  oo  Times  the  Sun*s  Diameter,  it  is  evident, 
that  the  Angle  under  which  the  Dog-Star  is  fcen  in  Mr.  Ht^gensh  Telefcope, 
oiuft  be  near  the  fame  with  the  Angle  of  its  Parallax  to  the  Sun's  Dift^nce, 
or  Semidiameter  of  the  Earth's  annual  Courfc  ;  fo  that  the  Parallax  to  the 
whole  Diameter  can  be  but  double  fuch  a  Quantity  as  even  to  Mr.  Huygens*s 
fiice  Obfervation  is  altogether  infenfible. 

The  Diftance  therefore  of  the  Fixed  Stars  feems  hardly  within  the  reach 
of  any  of  our  Methods  to  determine :  But  from  what  has  been  laid  down,  we 
may  draw  fbme  ConcluQons^  that  will  much  illuftrate  the  prodigious  Vallnefs 
©fit. 

1.  That  the  Diameter  of  the  Earth's  annual  Orb  (which  contains  at  leaft 
i6o  Millions  of  Miles)  is  but  as  a  Point  in  comparifoa  of  it  y  at  leafl  it  muft 
be  above  6000  Times  the  Diftance  of  the  Sun  :  For  if  a  Star  (hould  appear 
through  the  aforef^udTelefcope  half  a  Minute  broad,  (which  is  a  pretty  fen- 
fible  Magnitude)  the  true  apparent  Diameter  would  not  exceed  18'",  which 
is  lefs  than  the  6oooth  Part  of  the  apparent. Diameter  of  the  Sun  %  and  con- 
fcqucntly  the  Sun's  Diftance  not  the  ooooth  Part  of  the  Diftance  of  the  Star. 

2.  That  could  we  advance  towards  the  Stars  99  Parts  of  the  whole  Di- 
ftance, and  have  only  looth  Part  remaining,  the  Stars  would  appear  little 
bigger  to  us  than  they  do  here :  For  they  would  fhew  no  otherwife  than  they 
do  through  a  Telefcope  which  magnifies  an  hundred- fold. 

3.  That  at  leaft  ,9  Parts  in  10  of  the  Space  between  us  and  the  Fixed  Stars 
can  receive  no  greater  Light  from  the  Sun,  or  any  of  the  Stars,  than  what 
we  have  from  the  Stars  in  a  clear  Night. 

4.  That  Light  takes  up  more  Time  travelling  from  the  Stars  to  us,  than 
we  in  making  a  fVeJi-India  Voyage  (which  is  ordinarily  performed  in  fix 
Weeks :)  That  a  Sound  would  not  arrive  to  us  from  thence  in  50000  Years, 
nor  a  Cannon-Bullet  in  a  much  longer  Time.  This  is  eafily  computed,  by 
dllowing  (according  10  Mr.  Newton)  10  Minutes  for  the  Journey  of  Light 
from  the  Sun  hither,  and  that  a  Sound  moves  above  1300  Feet  in  a  Se- 
cond. 

XL  Among  your  Arabick  Books  in  the  Library  of  Merton  College  (of  rbe  pucet  <>/ 
/hich  you  have  above  forty,  which  abound  with  the  Doftrine  and  Obferva-  's!Jnfai^^^ 
ions  .of  the  Heavens)  in  the  Ilchanic  Tables,  by  the  Care  of  that  famous  Per-  totbtbefiand^ 
j!an  Cboaga  Nqfirodinus  Tuftus^  I  have  found  it  reprefented  in  a  ithort  Page,  S'.^E^^rd  '  ^ 
vhat  were  the  Latitudes  and  what  the  Longitudes  of  fome  of  the  principal  Bsmard,  t» 
Mxed  Stars,  according  to  the  Obfervations  of  divers  Aftronomers.     This  lit-  Hunungt^. 
Je  Canon  I  have  enlarged,  as  you  fee,  partly  from  your  own  Stock,  and  n.  158.  ^.  567. 
)artly  (rom  others,     I  would  not  pretend  to  have  done  any  great  iVIacter  in 
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this,  but  that  the  prefent  Age  may  have  fotne  Notion  of  the  Afttonomy  oF 
the  Eaft,  where  it  is  plain  this  Science  had  its  firft  Original.  Certainly  there 
are  many  Things  that  recommend  to  us  the  Aftronomy  of  the  Eaftcrn  Pco* 
pie :  The  peculiar  Felicity  and  Serenity  of  the  Regions  in  which  they  ob- 
ferved  ;  xht  Largenefs  and  Accuracy  of  their  Machines,  being  fo  great  thac 
we  can  hardly  conceive  how  they  applied  them  to  the  Heavens ;  befides  the 
great  Number  of  Obfcrvers  and  Writers,  ten  Times  more  than  the  Greeks  or 
La  fins  can  boaft  of;  to  which  you  may  add,  that  their  Princes  were  ten 
Times  more  powerful  and  munificent,  who  fupplied  ingenious  Men  with 
Wealth,  and  a  neceflary  Apparatus  for  Celeftial  Obfervations.  But  what 
the  Arabian  Aftronomers  have  juftly  reprehended  in  CL  Ptolon^j  the  great 
Conftruftor  of  the  Celeftial  Art ;  how  diligently  they  diftinguiflied  and  mea- 
fured  the  fmalleft  Parts  of  Time  by  Drop$  of  Water,  by  vaft  Sun-Dials,  nay 
(which  you  will  wonder  at)  by  the  Vibrations  of  a  pendulous  Thread ;  how 
flcilfully  and  accurately  they  were  con verfant  in  that  great  Attempt  of  Hu- 
man Ingenuity,  concerning  the  Extent  and  Diftances  of  the  two  great  Lumi- 
naries and  of  our  Earth  ;  are  too  much  for  one  Epiftle  to  declare. 
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Arable  of  the  principal  Fixed  Stars  ^  according 
to  the  Obfervations  of  the  Antients, 
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The  laft  Star  of  Fl^vims. 
The  bright  Star  of  CaffiopM'z  Chair. 
/>^>ir/5Headof  Afifi&>  A^ol. 
The  Somhem  Eye  of  the  Bull. 
The  Left  Foot  of  Or/M.  ^^#/. 

The  little  YiiA  oi  Jurigm. 
On$M*s  Right  Shoulder, 
llie  2)igr.5/4ir.   Motor. 
The  £f>//r  Z)i^.  Algamitfa. 
The  IjPOA*/ Heart.  Rtgulut. 

Spica  Fitginis, 

ArSurus. 

Aniares.  The, Scorpion* sHoJt. 

The  Head  of  Serpentarius. 

The  bright  Star  of  the  Harp. 


The  bright  Star  of  the  Eaglt. 

The  bright  Star  in  the  Tail  of  the  S'vtum. 

The  bright  Star  m  the  Right  Leg  oiPegafus,  Seat. 

The  laft  Star  of  i^«y5ri's  Wing.  A^tnih. 

The  bright  Side  oi  Ptrfeus. 

The  Lfon's  Tail. 

The  Mouth  of  the  South  Fijb. 

Cauopus,       .  
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A  Table  of  the  principal  Fixed  Stars^  ac- 
cording to  the  Obfervations  of  the  Antients, 
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A  Table  of  the  principal  Fixed  Stars^  according 
to  the  Obfervations  of  the  Antients. 


From  the  Hacimic  Ta- 
bles ^/Johanidcs 
^gyptius. 
A.  C.  ^^6. 


Choaga  Nafirodinus 

Tufius,  in  the  Ilcbanic 

Tables. 

A.  C.  1233. 


From  the  SuUanic  of 
Ologbec. 


*  The  Ontirifefi-rf  ff/my w  acrei  fiwr  the  hn^Cmofta,  nor  any  uihei  Afbmwuier  of  thia 
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A  Table  of  the  principal  Fixed  Stars ^ 

according  to  the  Obfervations  of  the 

Antients, 
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^  'Table  of  the  principal  fixed  Stars 

according  to  feleB  Obfervations, 
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A  "Table  of  the  principal  fixed  Stars  ac- 
cording to  feleB  Obfervations. 
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61  4,^1 

29  214 

59  5^\ 

31  7^ 

I?  35 

30  5 


12 
21 


18 
O 


ATabk 


(  »4P  )'v^  ' 


A  Table  of  the  principal  Fixed  Stars  ^  ac- 
cording to  the  Obferuatidm"  of  the  An- 
tients,-                     % 

I 

2 

3 

4 
5 

~6 

7 
8 

9 

10 

II 

12. 

13 
14 

♦5 

i6 

17 
i8 

'9 

20 

I 

2 

3 

•        ^          •       t  »       A  rt                    "w*.^                                      1 

■"•-,'                         i^      ■     '                        .       • .    . 

Lon^.    '    ' 

.    Latit. 

Afrtnf. 

peciin. 

s.  !  /./..:;". 

0  — '       ^ 

0    -  '-/     ■  0 

a         f         » 

0  22         O       14 

1  O      22         O 

1  II     '32       10 

2  5       I     43 

2       12         3       IQ 

53     SO      0 
51     17      0 
22     22    40 

5  '3Q-.50 
31     10    10 

357    4*    33 
41'  "33   "54 
64.- -6.    58.. 

74    32    38 

57     >«    40 
39'  3^    30 
15     46     10 

^     37    30 

2     17      6     15 

2  16      13         0 
3930 

3  21:  .    6      30 

4  26      4     45 

22  51  45 
16  ■  52  30 

39  32. .  5 

15  57  ■  10 
0  20  20 

72     52    ;2o 
7^    4*5    ;  4 
97    30    18- 

110      2Z  ..,32 

147    '31  ':i4; 

4-5--  36      0 

5 •..59.  50 

10    10    30 

64      0 

13     3^    30 

6     19       60 
6     19^  30.  40 
8       5       I     40 

8  17     43     20 

9  W-.-32.    40 

I  59  30 

31...    o_  40 

4    26    30 

35     5^    15 

6^-47--  0 

196    ^'i   !  o' 

210     .4    ;38 

242    10    40 

259    47   iu 
.a.y£^  49    ^2. 

'  9  ^  -20    30 

.20.  .5.9 50: 

25,  33    30 
12     52    30 

■  30-^.30    4a. 

9     16     58     30 
II       0    41     25 
II     24    40     20 

0  4    40    20 

1  27      0      8 

29  20    40 

59     57     20 
31       8     20 

12     37      0 

30  6    40 

293     31     59 
307     26     35 

341     51    48 

358     57      0 

44    52     30 

8       I     20 
44      6     40 
29     15     50 
13     19     20 

48     34     30 

5     16     53       0 
10    29       2     s^ 

12     16    20 
20    59    40 

172     53     58 
339     37      0 

16     27     40 
31     20     10 

u. 


OL.  L 


Kk 


J  Table 


( »J9:) 


1 

The  Dijiamesi  of  thiprSjcipai  Fk^  Stat^^  laccor^ng 


The  brt  Star  of  Flutvius. 
The  bright  Star  of  Ca^gU^h  Ch^r. 
Per/em'^  Head  of  Mfdmf^-  JI^&l, 
The  Southern  Eye  of  tne  hulL 
The  Left  Fogt  ofOriom.   Rigei. 


hom.jSiat^     „> 

^om  the  Side  of  Pirfius, 
from  Sirtus. 


The  lutle  Kid  dt  Auriga. 
Oriotfs  Right  Shoulder, 
\\i^  Dyg-Star.    Mh^r, 
Tht  Link  Dog.    Aigamtifit. 
The  Lpn^s  Heajt-  Ri^uUs. 


fronrthg  t^6. .  "  " 
from  the  fame. . 
fro.«iv^^0m(fffj^. 

frotn-Spica  Firgims, 


wSpkaVirgiftis.  ^       - 

12  ArBurui.  -  -  --^   - . 

I  ^  Antarti.  Tlie  Scarf  jorCs  Heart* 
r  4  The  Head  of  Serpent^rim. 
1 5  The  bright  Star  of  the  H^. 


The  bright  Star  of  th^t  Ea^. 
The  bright  Star  in  Tiil  of  the  t^tm. 
Bright  Star  in  V^:lj^o^  Pega/us  Seat. 
The  laft  Star  of  P^^-a/:  Wing.  A^mb, 
The  bright  Side  of  Ftrfmi. 


The  Z|«('/ Tail,  : 

The  Mouth  of  the  Sam^  Fip^ 


zo  33   ff 


{cQtBLjlr^irus. 


froiihl)rigkt6iatof£tf^/i|.l6o    9i 


fromSpica  Firginis, 
from  ^/tf /. 


frolat>rigiitSUr  ofHarf. 
fropi  the  Ame. 

ftoin'4t^«'^-  ,    

Fropi  the  ^idc  (XPitfcus. 
(eotn  the  Btt/r^E^t. 


22      4     frnm 


Tailottk  S-. 
ffom  CttpelUu 
from  AigemH/a^ 
from  CapiUa, 


■y6"^yjftom  the  SWe  of  Twrfeus 

fron  i?/]grA 

from  the  fiune. 

from  the  Tail  of  SoMnv. 


54    2 


33 
1^49 


36  14^ 


34    9 
^3  ^2 

36  2o4 


froCA'  5^ic3  Virginh^ 


55    ^^ 


from  AniMris. 
from^h^fAAC*- 
frxMn  the  £iMr*s  fkfV. 
from  bright  Stif  diHarp. 


55  307frbm5'/im^//;p«V. 


from  Tail  of  the  5<uMMr. 

from  the  bright  Star  id 
the  Chair  of  Cij^K^tf. 


^3   3  7 
jp  22 

54  >5v 


% 


»9  337 

9    20f 


3«    # 
32  57r 


S2 


i 


I     ,1 

I 


ir& 


f  »;i ) 


The  Declinations  of  eight  of  the  prmcipal  Fixed  Stars^  by  the  In- 
duflry  of  the  ^ntientsy  the  fioble  Tjcho  Brahe  being  alfo  con- 
fuUed. 


By  Ariftyllt^i. 

Y.  b.  C.  300. 


y.b,C*295. 


n 


The  Buir%  Eji. 
Captlla. 
Siriuj, 
Rigulus. 


Sfica  Firginis, 


ir  JrSmnu, 


Attares. 

Bright  Star  m  A^uila 


20      o  n. 


8, 

45  n. 

»J 

20  s. 

ii 

ZO   B.' 

I  ,24  n. 

31  30  n. 

-l8  20  s. 

.  5  ^«"- 


Hipparehus, 


9 

49:  n. 

16 

24  n. 
0  s. 

26 

.40  n. 

o     36.  n. 

3t      6  n. 

19       Of. 

__5_48  n. 


Menelaus, 
A.C.97. 


o    40  s. 


Pk.Q.  137. 


II  on. 

41  lb  n. 

16  4^  s. 

19  50  n. 


o  36  s. 

29  50  n. 

20  25  8. 

C  CO  n. 


Tycho, 

A.C.  1600 


15  28  n. 
25  284  n. 
t6  1 1     s. 

n  534  n. 


21   184  n. 
25  26    s. 

7  CA     n 


Longitude  of  the  BuIFi  Eyt  according  to 


A*C.  140. 
A.C.  S51. 


A.C831. 


A  C,  1316. 


Hqrmes. 
Hifparcbus. 
Fiolem). 
Abomafar. 


Tbahtns.  ^ 
Arxachel. 
Albatanius 
R.  Grofteti 


K  25  17 

.  r  10  o 

T  12  40 

r  19  >5 


r 

r 
r 

r 


21  17 

23  20 

24  30 

2d  40 

29  O 


Longitude  g^Spica  Virginis  according  to 


Y.b.C.  29?. 
Y.  b.  C.  283. 
Y;b.  C.  128. 
A.  C.       97. 


J  Timocbaris.      ^ 

Hifparchus, 
Menelaus. 


1^  22  20 

til  22  30 

m  24  o 

W  25  45 


Longitude  (?/Regulu^  according  to 


y.  b.  C.  128.    \  Hiffparcbus, 
A.  C.      137.    \Ptolemj, 
A.  C.      879.    I  Albatanius. 


S  29  5^0 
SI  2  30 
Si     14      o. 


Tlieiefore  &  the  Space  of  742  Years;  ii^.  50',  or 
lather  1 1° .  30'^  becaufe  of  the  Ptolemaic  Longitude 
0  Rigulus  51  2°  .  30',  not  2«' .  1  o',  as  was  read  for- 
B  a-ly  by  the  Aftronoroer  of  Racca. 


Added  to  the  Ptolomaic  Longitudes  of 
the  Fixed  Stars ^  by 


A.  C.  1303. 
A.  C.  13^0. 
A.  C.  1440. 


Ahbon/us. 
ffymioidus.  ' 
Walter  Figor'n, 


17       8 
15     52 

»9      5 


The  firft  Scar  >of  Aries  is  diftant  from  the.  Vernal 

Ecfuinox  25*> .  40'. 
All  thefe  according  to  Walter  Figomienjis,  Cod,  13 

among  thofe  of  Digby. 


Kk  2 


fbe 


755^  Fixed.  Stars  go  forward  one  Degree  in 

Solar  Tears. 

I.    \  Ccording  to  Hipparcbus^  Ptolemy^  tbeoy  ProcluSj  and  Alferganus^  loo 

JI\^  a.  Tmodbarijr  jitexandrinusi  ^wh'o  ohkrvtd' Spica  Virgtnis  in  the 

Yeais  of  Naifcnaffar'454y  ^66  j  Jbdarabmanus  Salcbius^  and  Z>.  Petavius^ 

60X12;      j' .;.  '        V"^ 
725  ot» ^  ^nd  5  m every  Yean 

3.  By  Jobantiides  Mgyptius^  the  Compiler  df  the  Hacimic  Tables,  70I 

4.  ^yjahias  Abomanfir^  andother  Authors  of  what  they  called  the  approval 
Aftronoray ;  alfo  by  NqfirodinusTufius^  CotbodinufSiraJTusiOlogbecrrwct 
of  the  MogoISf  Xacbolgiusy  AbolpbeUicIifiSy  Abenefdra^  Maimonides^  and 
moft  of  the  Moderns  -^     -       —  f  —         70.  and  51''.  ^6*1 

5'  Chryfpcocca  in  Perftc.  and  Aftron.  Anglic.  At.  Cbr.  1 300 — 6 8.  and  5 2" .  jj*'. 

6.  By  moft  of  the  Arabian  Aftronomers  under  Prince  Mamon      —        66f. 

7.  By  Abdorabmanus  Sopbius^  Baboninus  ZibarciuSj  King  Alpbonfus,  Alia^ 
taniusbf  Racca,  (which  is  Callinicps  of  Mefi^otamia)  Abdolgdilus  Segams^ 
Levi  and  Zacutus  the  Jevus^  and  fomc  of  jhe  Maragenftan  Obfenars 

.   .  ^       66.  and53^33^ 

8.  By  Copernicus^  Maftlin^  aod  others  iipon  their  Credit^—aiear  7 1.  and  so*". 

*  •  .  *  la'^S^'. 

9.  By  fomc-m  C&^f/«/ they^ij^ftw — ^*-         .^^     -  —         _        ^^ 

10.  By  Tycbo  Brabe^  Kipler^  BuUialdus^  from  the  Obhquity  of  the  Zoiidc 

23i^.70TV.  andfi*. 
tx.  By  Longomontanus        —        -^.      w.        ,-^       y^j..  and  49". 54*'.^ 

12.  By  Gafcndul       -—,.  .    —  yof .  and  51" ,  ^gT .  24"'. 

13.  By  Ricciolus  in  -4^r.  Reform,  from  the  Obliquity  of  the  Z^irV^c  23** .  30'. 

20''.  71. 19*^. 50*'. 40% 

14.  By  us,  and  lift  Hieropbants.  of  the  Mgyptiam^  71  •  9t  ^f^^f  ^  5<>"'^9i^* 
fere. 

?2*pi«jadcs«*.      XII.  I  have  a  Tube  of  13!  Feet,  fiirnifhed  with  Convex  Lens's,  and  a 

/^<^,  in  1671.  moft  exaft  TownJefs  Micrometer,  with  which,,  in  the  ferenc  Nights  of  the 

feed!'^N?79.'    M^'^^l^^^^  Qitoier  and  November  laft  paft,   I  have  often  meafurcdthc  minute 

/.  3061/3061.   Pittances  of  the  Pleiadas^  and  that  with  fuch  Succefs,  that  my  repeated  Ob- 

fervations  never  differed  from  one  another  20",  and  very  feldom  10''.    They 

are  confirmed  by  the  preceding  Obfer rations  of  the  deceafed-Mr;  Gdfi&igne^ 

and  the  late  ones  of  Mr.  Townley  (what  great  Men!)  which  were  performed | 

ii^  the  fanie  Manpcr»    Thefe  moft  corre£t  Diftances  are  as  follows.. 


Stari 


( »n ) 


i' 


' 

Diji duces  according 

Dijtances  accordinil 

Starsi 

' 

Stars. 

To  Me 

To  Mucus 

To  Me 

7*17  Mutus 

a  b 

35  40 

/ 

a  d 

*          it 

18  30 

22r 

a   e 

27  40 

31 

e  d 

26  10 

30 

e   b 

20  00 

32 

d   i 

16  25 

c  b 

21  45 

22 

a    1 

18  18 

c   c 

10  00 

II 

f   i 

29  04 

eg 

14  40 

f  a 

23  00 

n 

c  g 

I"  55 

h  a 

23  20 

l.' 

b  d 

22  04 

24 

f  a 

04  45 

04 

Vine.  Mutus  adds  in  his  Epiftle  ta  the  m'oft  learned  Rkciolus  (which  he 
mentions  in  his  Appendix  to  Aim.  No.  Tom.  i.  Pag.  747)  that  the  Weftem 
brighter  Star  pafled  over  the  Meridian  juft  at  the  famfc  Altitude  as  the  bright 
Sur  of  the  Pleiades.,  Relying  upon  which  Notice,  and  the  obferved  Di- 
fhuices,  I  have  afl^qed  their  Places  to  thofe  Stars  as  below ;  firft  having, 
given  the  lame  Place  and  Latitude  to  the  middle  bright  Star,,  as  the  Caroline 
Author  has  thought  fit;  and  the  reft  alfo  being  fettled  from  thence.  All 
which  however,  if  I  might  follow  my  own  Opinion  in  this  Mattcr,^  I  ihould 
advance  three  Minutes,  or  two  at  leaft:  And  I  flxould  aflign  them  a  greater 
Latitude  from  the  Ecliptic.^  At  the  Beginning  of  the  Year  1672  were 
conftituted 


TBe  Siars  of  the  Pleiades. 

Long.  »^ 

N.  Lat. 

mag. 

5 
8 

5... 
6 

5. 
7 
9 

0      '     " 

0     '      " 

The  Weftern  brighter  Star     —     —     — 
Between  this  and  the  Northerly  Telefcopic  Star 
The  Weftern  and  more  Northerly    —    — 
The  higheft  in  the  Quadrilaterum        — 
The  bweft  Southern  oppofite    —    *i-    — 
The  middlemoft  bright  Star    —    —    — 
That  in  the  Point  to  the  Eaft    -«    —    — 
The  upper  Telefcopic  of  the  Eaftern  Stars. 
Another  Telefcopic  Star    —    —    -—.— 

24  45  15 
24  4647 

24  54  48 

25  01  24 

25   02    18 

25  19  48 

25  41  29 
25  42  55 

Us  14  04 

4  08  51 
4.  19  21 
428  19 

4  2a  39 

I  53  59 
4  00  00 

3  52  19 
3  56  51 

3  42  37 

am.  li 


(  ^t4.) 

N-  w3./>."5'65.  '^«J  Star,  whkli  wa»  very  toeaoriful  to  behoMrtf  k-waa  viewed  with  large 
Telefcopes ;  being  compofed  of  Stars  very  clofe  together.  With  the  Ijfer 
Z)^^  it  dirides  the  Heaven  into  equal  Parts.  ' 

2.  Viewing  the  He.a,vens  below  the  Lejfer  Dog,  1  found  a  Nebulous  Star, 
broad  and  very  thick,  fet  with  fmall  Stars.  '  I  fuppbfe  th|s  to  be  the  fame  as 
was  obferveJby  Mr,  CaJJini. 


Flam- 


By  Mr 
ftccd. 
UiJ.  f,  567 


Tkifrji  of  Aries 
a  double  Star  j 
by  Dr.  Hook. 
PhiL  CoU.  N.  4. 
p.  X08.  Marg, 

Changes  amongft 
.  the  Fixed  Stars, 
by  S.  Monta- 
nari.  N,  73. 
/.  aao3.  Marg, 


By  M,  Caffini. 
^*7l*f*  2201. 


Tif  Ne^v  Star  in 
TeBon  Cygni  $ 
ly  M.  Hcveliut. 
N.  i9.>>.  34^. 
N«2i.^.  372. 


XIV.  Ann.  1664.  I  difcovered  the  firft  Star  in  the  He4d  of  AHes  to  be  a 
double  Star,  made  of  two  confiderable  Stars,  fo  near  as  ilot^tO;  be  difcovered 
two,  but  by  a  Glals  of  fix  or  eight  Feet  long.  /  I    . ; 

XV.  I.  There  are  wanting  in  the  Heavens  two  Stars  6f  jhe  fecond  Mag- 
nitude, in  the  Stern  of  the  Ship  and  its  Hatches,  according,  to  Bftytr  jS  and 
J',  near  the  Greater  Dog^  which  were  obferved  and  recognized  by  me  and 
others,  chiefly  on  occafion  of  the  Comet,  An.  1664,  To  what  If  car  we  arc 
to  refer  its  Difappearance  I  cannot  tell  ^  boe-this  is^  eertain^  thdC  from  the 
loth  Day  of  April,  i668»  I  can  no  longer  obferve  any  Traces  of  them  ; 
while  the  other  Stars  about  them,  even  of  the  fourth  and  fifth  Magnitude, 
continue  immoveable.  I  have  taken  Notice  of  above  an  hundred  Changes  in 
the  other  fixed  Stars,  but  not  of  fuch  Confcquence. 

2.  M.  Cajini  harfi  difcovered  many  new  Scars;  viz.  One  of  the  Fotrrth 
Magnitude,  and  two  of  the  Fifth,  in  Caffiopeia.  Ht  hath  difcovered  twb  others 
towards  the  Beginning  of  EridanaSy  where  we  were  fure  they  were  not  yet 
about  the  End  of  the  Year  1664.  confidering  that  this  Place  of  the  Heavens, 
where  pafied  the  then  appearing  G?met,  was  diligently  beheld  by  ttiany,  who 
perceived  divers  others  fmall  Stars,  without  obferving  thofe  two.  The  fanle 
hath  alfo  obferved,  towaids  the  ArSlick  Pole;  four  of  the  Fifth  or  Sixth 
Magnitude. 

He  hath  alfo  obferved.  That  the  Star  which  Bayerus  puts  near  that  which 
he  markech  io  the  Figure  of  Urfa  Minor,  appears.no  more ;  that  that  which 
is  marked  A,  in  the  Figure  of  Andromeda,  is  alfo  difappeared ;  that  in  lieu 
of  that  which  is  marked  u,.  at  the  Knee  of  the  fame  Figure,  there  are  two 
others  more  Nordiward;  and  that  that  which  is  |,  is  very  much  dimmiflied ; 
the  iJtar  which  ^ycho  pfeceth  at  the  Extremity  of  And¥omedtf%  Chain,  and 
calls  it  of  the  Fourth  Magnitude,  is  now  fo  fmall  that  one  can  fcaree  fee  it ; 
and  that  which  is  in  \i\%  Catalogue  the  20th  of  the  Confficlliition  ofPifiesj 
is  now  no  more  feen. 

3.  On  the  24th  of  Sept.  {St:  N.)  1666,  I  have  obferved  that  New  Star  in 
Peilore  Cygni,  (which  from  the  Year  1662  until  this  Time,  hath  been  almoft 
altogether  hid)  not  only  with  my  naked' Eye,  like  a  Star  of  the  Sixth  or  Sc- 
venth  Magnitude,  but  alfd  with  a  very  great  Sextant.  It  is  ftill  in  the  very 
fame  Place  of  the  Heaveni  where  it  was  frDm-^«».  1661  to  almoft  1662. 
For  its  Diftance  from  Scheat  Pegafi  hath  been  by  me  found  35^  .51'.  20'^  and 
from  Mar  cab,  43^  .  10'.  50'' .  which  Diftances  are  altogether  equal  to  thofe 
which  I  obferved  Ann.  1658.  the  Firft  of  Ntvember.    For  the  Diftance  from 

Scbfat 


ScBe(tf  at  that  Time  vvas  35^  .  51',  20'' .  and  from  Marcab^  43®  .  10' .  25" . 
where  that  former  fiwr^'iSri^^/^aftly  anfwers  to  the  Recent;  and  that  frpm 
Mar<cb^  •tis  ttvie,  differs  ift  a  very  few  Seconds;  but  that  Difparity  is  of  >io 
moment,  fiiice  it  only  j>«x:e€ded  from  thcftcc,  that  this  New  Star  i^  not  yet 
fo  diftindJy  to  be  fedft  las  at  that  Tim*,  when  it  was  of  the  Third  Magnitude. 
It  is  therefore  certain ,  that  it  is  the  felf-fame  Star  which  Kepler  did  firft  fee 
Ann.  1601^  and  continued  t!X  Ann.  1662.  He  that  will  obferve  this  Star, 
muft  take  care  left  he  miftajce  the  Three  more  Southern  ones  of  the  Sixth 
Magnitude ;  the  higheft  of  which  is  diftant  from  ScheaC  Peg^/t,  36^ .  25' ,  45" . 
the  middlemoft  fr^m  the  fame  ^y^ .  25' .  20' .  and  the  teweft  38* .  4  •  30". 

An.  1662.  Nov.  28.    That  new  Star  in  the  Swan^  Breaft^    wtirch  forK.  i34.;,.855, 
lomeTiriie,  from  An.  1662,  was  intirely  hid>,  the  Heaven  being  clear,  fcemed 
as  it  were  to  revive. 

At.  1666.  Sept.  21.  It  appeared  to  the  naked  £yfi,  even  when  the  Moon 
fliincd.  Sept.  24.  It  was  lefs  than  thole  three  preceding  in  the  Neck>  and 
fcarcely  feemcd  ofthe  fixth  Magnitude. 

An.  i6y6.  Aug.  26.  It  feemed  fenfiWy  to  ihereafe,  ihoi^h  not  y«t  greater  k.  65.^2089. 
than  Stars  ofthe  fixth  Magnitude.  •  Sept.  3,' It  icemedftill  to  inereafe.  8,  We 
found  it.  ftiH  iflcreafing.    O^t^b.  13,  It  appeared  pkiftly  enough. 

jfy,  1 67 1 .  Apr.  2g.  It  hardly  appeared  greater  than  in  the  foregoing  Year,  ^.  134- f-  855. 
for  it  was  equal  to  Stars  of  the  fixth  Magnitude. 

An.  1 67 1.  Jun.  16.  It  almoft« feemed  greater,       - 

An^  1672.  March" 2^.  It  ftill  feemed  to  increiale. 

jfy.  1675.  Jufy  22.  It  appeared  ftill  as  a  Star  of  the  fixth  Magnitude. 

An.  1677.  It  waj  not  yet  arrived  to  its  former  Magnitude,  which  was  n.  154.^854. 
that  ofthe  third,  nor  had  it  attained  its  ufual  Brigbtnefe  and  Splendor,  as  it 
appeared  in  the  Years  1657,  1658,  1^59,  for  it  did  not  yet  (hine  but  as  a 
Star  of  the  fixth  Magnitude. 

Ann.iSBu  Aug.  18.  The  new  Star  in  the  Sxvan^i  Neck  was  hardly  to  be  ^^- Co//.n.  5.. 
feen  by  the  naked  Eye  becaufe  of  its  Smallnefs  and  Obfcurity,  yet  at  laft  was  ^'  *  '' 
found  by  the  Telefcope. 

4.  I.  Don  Anibebney  a  Cartbujian  at  Byon^  on  the  20th  of  fune^  An.  The Nru, star, 
1670,  difcovered  a.  Star  of  the  Third  Magnitude  beneath  the  Head  ofCygnusJct^^'' 
lituated  in  the  Section  of  the  two  ftreight  Lines,  one  of  which  goeth  from  n.  65.^.^092. 
Lyra  to  the  neareft  of  the  ^adrangle  in  the  Dolpbin^  and  the  other  from  the  ^'  ^^"^^  *'^^" 
Eagie  to  the  Star,  which  is  on  the  Top  of  the  Ui>per  Wing  of  Cygnus.    He 
fcnt  the  News  of  this  Difcovery  to  M.  VAbbe  Mariotte^  one  of  the  Royal 
Academy^  who  communicated  it  to  the  reft.     They  all  agree  'tis  a  New  Star, 
though  M.  B  ■  oppofed  it  at  firft,  affirming  it  to  be  in  Bayerus^s  Ta- 

bles 5  but  they,  prove  that  Star  in  Bayerus  to  be  another  •,  giving  for  Di- 
ftingarfhment  theie  Meafures. 

'  It 

The  bright  Star  adRofirum  Cygnu  its  Afcenfio  KeSta  289    22     00 

Declinatio  B^ealis        27     19     20- 

But  this  Ncm  Starts  AfcenJ^o  Ke^a  is  — —  — — •  293    33    00 

Declinatio  Bffrealis       26    33    20 
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Latitude  4.7 

Its  biftance  from  that  /li  Rqfirum  Cygni  towards  Jaculum     3 

From  the  Tail  of  (5^^iw      20 
And  from  the  Lucida  Lyrs  18 
It  came  to  the  Meridian  after  the  Sur  in  Rojiro  Cygni 
And  before  the  Lucida  Jquil^e        .^    —    — i    —. 

In  the  Beginning  of  July^  this  Star  was  obferved  to  dccrcafc^:  July  11^ 
it  fcarce  appeared  of  the  Fourth  Magnitude. 

Aig.  10.  Ic  was  of  the  Fifth,  and  cQntinued  to  decreafe  till  it  whoUjr 
difappeared. 

Jnm  1671.  March  17,  D.  Antbelme  fpjcd  it  again  of  the  Fourth  Mag- 
nitude. 

Jpril  4.  M.  Caffini  found  it  greater  than  the  two  Stars  of  the  Thiid  Mag- 
nitude that  are  below  in  the  Conftellation  of  Lyra^  and  a  little  fmaller  than 
that  in  the  Beak  of  Cygnus^  but  more  radiant. 

Jpril  9.  He  found  it  a  little  diminiihed,  and  almofl:  equal  to  the  greateil 
of  the  two  Stars  that  are  below  in  Lyra. 

The  1 2th,  it  was  equal  to  the  lead  of  thefe  two  Stars. 

The  15th,  he  perceived  that  it  increafed,  and  fbund  it  equal  the  fecond 
time  to  the  greateft  of  thefe  two  Stars. 

From  the  16th  unto  the  27th,  it  appeared  of  different  Magnitudes,  being 
fometimes  equal  to  the  biggeft  of  thefe  tiyo  Stars,  fometimes  equal  to  the 
lead,  and  now  and  then  between  both. 

But  the  27th  and  28th,  it  was  become  as  big  as  the  Star  in  the  Swanks 
Beak. 

The  30th,  it  appeared  a  litde  clearer  j  and  the  firft  fix  Days  in  May  it 
was  greater. 

The  15th  of  May^  it  was  feen  fmaller  than  the  fame  Star.    • 

The  16th,  it  was  in  Bignefs  between  the  two  Stars  that  are  below  in  Ly- 
ra :  And  ever  fince  fhe  hath  ftill  diminilhed. 

Thus  this  Star  hath  been  twice  in  her  greateft  Splendor  s  firft  on  the  4th 
of  Jprily  and  the  fecond  time  in  the  Beginning  of  May. 

^.^.f^$^^'  '  ^  ^^^^^  y°^  ^^^^  ^^  acquaint  you  with  a  certain  remarkable  Obfervation, 
5-  .  ao  7.  ^^  ^^  jj^^  ^^^^  Time  to  Jet  you  know  my  Mind  of  the  Matter.  I  mean  of. 
that  new  fixed  Star,  almoft  of  the  third  Magnitude,  about  and  below  the 
Swanks  Heady  and  conspicuous  among  the  unformed  Stars.  Its  Longitude  is 
now  1** .  52' .  26". »  and  Latitude  47** .  25'  .  22",  as  plainly  appears  by  my 
Obfervations,  An.  1670.  July  25.  There  is  no  Reafon  to  doubt  but  that  this 
is  intirely  a  new  Scar,  and  altogether  inconfpicuous  in  the  Heavens  in  the 
Year  j66o.  For  it  happened  that  in  the  Years  1659,  1660,  1661,  I  ob- 
ferved almoft  all  thofe  Stars,  that  appear  in  the  Conftellation  of  the  ^wmn^ 
with  the  utmgft  Diligence  and  with  proper  Inftrumentss  and  fo  took  Notice 

of 
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of  al!  thofc  about  the  Neck  and  Head,  and  meafured  their  Diftances  from 
leveral  fixtStafs.  •  But  I  found  no  Scar  of  the  third  Magnitude  in  that  Place 
where  the  above-mentioned  new  Star  is  now  to  be  fecn  ;  which  if  it  had  been 
there  I  muil  Kave  feen  it.     So  that,  firft,  I  am  fure  from  hence,  that  in  the 
Years  1660  and  1661  this  Star  was  not  yet  vifible  ;  and  then  it  clearly  ap- 
pears from  Bayer*s  Uranometriaj  that  this  now  mentioned  new  Star  did  not 
appear  in  the  Year  1603,    and  confequently  not  to  Tycho^   and  much  lefs 
to  Hippdrchus:    For  Bayer  would  have  found  a  Star  of  that  Magnitude, 
fince  he  defcribes  one  of  the  fixth  Magnitude  not  far  from  it;  as  may  be  feen 
in  his  Conftellation  of  the  Swan.     But  perhaps  you  will  fay,  this  is  the  very 
fame  that  you  call  a  new  one*,  for  fince  Bayer  did  not  obferve  the  Stars  with 
proper  Inftruments,  it  may  eafily  be,  that  he  might  err  a  Degree  or  two 
from  the  true  Place.     But  this  cannot  be  the  Thing,  fince  that  fmall  Star 
ftill  continues  in  the  fame  Place  where  Bayer  puts  it,  nor  is  ic  greater  than 
a  Star  of  the  fixth  Magnitude,  as  he  obferved  it.   For,  as  I  have  lately  found, 
it  is  diftant  fnom  Pegafus'%  Mouth  32' .  39' .  00^  .  and  from  Pegafus*^  Right 
Knee  39°  .  23' .  45*^  -  Hence  its  Longitude  comes  out  00® .  06' .  ^V' \  «»,  and  its 
Latitude  46^  .n' .  14"  North,  to  the  current  Year  1670,  in  July.     But  the 
new  Star  is  dil!tanc  from  Pegafus^s  Mputh  32° .  3 1' .  25" .  and  from  the  Right 
Knee  of  Pegafus  38^  .  18  .  50".  From  which  Diftances  the  Longitude  is 
found  to  be  1°  .  52'  .26  .«z^  and  Northern  Latitude  47** .  25' .  22" .  So  that 
this  new  Star  is  plainly  different  from  that  of  the  fixth  Magnitude  obferved 
by  Bayer  J  though  thefe  two  are  not  above  two  Degrees  removed  from  each 
other.     And  from  what  is  faid  it  is  manifeft,  that  this  new  Star  did  not  fhine 
among  the  od)er  Stars,  neither  .^7».  1603,  nor-^»  1670.  ' 

When  it  was  firft  obferved  by  me,  as  to  Magnitude  and  Brightnefs  it  was 
not  inferior  to  the  Star  in  tlie  Eaglets  Breafi^  unlefs  that  its  Light  was  a  little 
more  obtufe.  As  to  its  Situation  in  relpeA  of  the  other  Stars,  it  was  placed 
in  a  Right  Line  with  that  in  the  bending  of  •  the  upper  Wing  of  the  Swan^ 
and  that  in  the  Shoulder  of  the  Eagle ;  as  alfo  with  the  bright  Star  of  the 
Harpy  and  that  in  the  Rhombus  of  the  Volpbin^  which  is  the  more  Northern 
of  the  middle  ones.  It  made  an  Equilateral  Triangle  with  that  in  the  Head 
and  Beak  of  the  Swan. 

It  wonderfully  decreased  in  the  Month  of  September^  fo  that  on  the  i4.th  JJ-^^  ^^oi^- 
of  OSober  I  could  not  obferve  it  at  all  with  my  Sextant,  though  I  ufed  all  •'^**'^*  ^^' 
my  Induftry  for  that  Purpofe. 

An.  i6yi.  Apr.  29,  I  obferved  again.  It  exceeded  that  in  the  «9a;^;;'sN.73•^»'97. 
.  Beak,  and  liktwifc  that  in  the  bending  of  the  lower  Wing  of  the  Swan^  and  *  *^^^"  ^ ' 
was  almoft  equal  to  that  in  the  Swanks  Brecift^  except  that  it  flione  with  a 
Light  a  little  more  dull  and  reddifli.  But  upon  what  Day  it  firft  began  fo 
Ihine  I  dare  not  affirm.  This  I  am  fure  of,  that  it  was  not  confpicuous  in 
the  Months  of  December^  January,  or  even  February.  For  after  OSlob-,  14, 
when  it  ceafcd  to  be  feen,  I  remember  I  often  'fought  for  it  in  its  Place,  but 
it  did  not  appear. .  Therefore  as  far  as  I  can  recolieft,  it  hardly  came  into 
Sight  again  before  the  Beginning  o^  March ^  or  rather  later.  On  April  ^Oy 
I  meafured  its  Diftance  from  the  other  fixed  Stars.     It  is  diftant  from  the 
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Swanh  Tail  20°  .  55^ .  20" .  From  the  bending  of  the  upper  Wing  of  the 
Swan  1 7°  .  47' .  50" .  From  the  Head  of  Serpent arius  34° .  19' .  40" .  fo  thae 
it  ftill  continues  in  the  fame  Place  where  it  was. 
y.  J 34./.  856.  May  the  17th,  it  feemed  fomething  lefs  than  the  5«e;j»*sBeak,  and  thaj 
in  the  Shoulder  of  the  Eagle^  as  alfo  duller  in  its  Light ;  but  greater  than 
that  in  the  Point  of  Sagttta^  and  almoft  equal  to  that  following  in  the  Body 
of  the  Harp. 

May  25.  It  feemed  lefs  than  on  the  29th  of  Aprils  when  it  was  firft  fcen, 
fo  that  it  feemed  to  decreafe.  Lefs  than  that  in  the  Swan*s  Beak,  or  than 
^  that  in  the  bending  of  the  Southern  Wing  •,  or  even  lefs  than  thofe  in  the 
Belly  of  the  Harp  and  the  Eaglets  Shoulder.  It  appeared  hardly  greater  than 
the  leffer  of  the  two  in  the  Swan*s  Foot,  and  that  in  the  Breaft  of  the 
Eagle. 

Jun.  26.  It  appeared  lefs  than  that  in  the  Swanks  Neck,  fo  that  it  had 
dccreafed  notably. 

July  3.  Lefs  than  that  in  the  Sfoan^s  Neck;  and  on  the  i8th  it  hardly 
feemed  equal  to  Stars  of  the  fifth  Magnitude. 

Jug.  2.  It  hardly  appeared  of  the  fixth  Magnitude,  nay  lefs  than  all  the 
other  Stars  about  the  Neck  and  Head  of  the  Swan.  It  only  twinkled  now 
and  then. 

Sept.  I K  It  was  not  to  be  feen  any  more. 
N.8i./>.4x>i8.      /Inn.  1672.  Mar.  6.  I  obfcrved  it  again  5  but  it  can  hardly  be  fienwitk 

the  naked  Eye. 
N.  i34-/>«857^-     Mar.  29.  It  hardly  appeared  of  the  fixth  Magnitude;  from  which  Time 
^^*  to  An.  1667.  it  came  no  more  into  Sight,  though  I  often  fought  for  it  very 

diligently, 
^^Nebuiofa  g.  jiun^  1 667.  ivi  Jan.  The  Nehulofa  in  Andromeda*^  Girdle  (which  may 
Andlromtldfri'  ^^^^  cnough  bc  fecn  by  the  bare  Eye)  ai^)eared  muchobfcurcr  than  the  Year 
M,  Buiiiaidus.  before.  In  the  Months  of  February  and  March  I  did  not  fee  ic. 
^leNc^%\tm  6.  i^Ann.  1667.  Jan.  20.  The  New  Star  in  the  Neck  of  the  f^ak, 
coiioCeti;  ^jf  dkl  approach  to  the  Bignefs  of  a  Star  of  the  fixth  Magnitude,  and  grew 
^;^Buiiiaidu3.    bigggj.  afterwards. 

Fei.  12.  I  faw  it  at  leaft  of  the  Fourth  Magnitude. 
Feif.  24.  It  was  equal  to  the  Stars  of  the  Third  Magnitude,  fliining  very 
bright. 

Feb.  26.  and  27.  It  appeared  yet  to  increafe. 
By  M.  HeytViMs.      2.  Ann,  i66y.  In  the  Beginning  of  y^^^^O'  this  Star  did  not  appear. 

n!  13*^855.      y^^'  ^3-  ^  ^^""^  ^  ^*"'^  ^^^^  ^^  ^^^  ^^^^^  ^^  Seventh  Magnitude  about 

*      ^  '  the  fame  Place  where  the  faid  New  Star  ufcs  to  appear.    But  it  then  feemed 

to  me  not  the  genuine  New  Star^  but  another ;  to  wit,  preceding  the  New^ 

whofe  Longitude  in  Art.  1660.  was  defined  by  me,  f  25^  43'  3",  and  the 

Latitude  14°  41'  32". 

Feb.  2.  It  appeared  very  bright,  and  that,  when  the  Moon  Ihone,  of  the 
Bignefs  of  that  in  the  Mcuib  of  the  fVhale^  or  Ncdo  Lint ;  from  which  time 
I  always  obferved  it  to  grow  bigger. 

Mar. 
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Mar,  I  j:^  I  did.iHU  find  it  extremely  bright,  but  could  not  by  my  naked 
Eyoi  becaufe  of  the  vivid  Crcpufcle,  and  the  low  Sight  of  the  Star,  accu- 
fately  determine  its  Magnitude. 

M.  1668.  OSob.  26.  The  new  Star  in  the  WbaW%  Neck  was  firft  fcen,  n.  i3».^«55* 
bot  like  the  fmalleft  of  the  fixed  Stars. 

Kin).  7.  The  new  Star  in  the  WbaU^%  Neck  was  almoft  equal  to  the  mid- 
dle Star  in  the  Mouth. 

An.  1669.  Jm;  28.  It  was  lefs  than  that  in  the  Mouth. 

&ept.  26.  It  appeared  like  a  Star  of  the  fixth  Magnitude. 

Oa.  1 6.  It  was  greater  and  brighter  than  that  in  the  Mouth. 

OSt.  27.  It  was  equal  to  the  bright  Star  in  the  Jaw. 

iV^v.  19.  It  was  greater  than  that  in  the  Mouth,  and  leis.than  that  in  the    . 
Jaw. 

An.  1 670.  Aug.  %y.  It  Ihined  with  very  much  Light*   and  was  almoft 
equal  to  the  Stars  of  the  fecond  Magnitude  in  the  Whalers  Jaw. 
.    Sept.  3.  It  was  very  bright,  and  on  the  8th  was  equal  to  the  fVbale^s  Jaw. 

To  the  middle  of  the  Month  of  Oliober  it  was  almoft  equal  in  Magnitude  n.  66.  ^  »oi^ 
to  that  in  the  Whalers  Jaw,  and  nearly  exceeded  it  in  Brightnefs ;  fo  that  this 
Year  it  was  of  the  fecond  Magnitude,  and  greater  than  in  the  former  Years, 
C3Ecepting  An.  1660,  when  I  found  it  to  be  even  greater  than  the  Whaled  Jaw. 
At  other  Times  I  do  not  remember  that  it  excftded  Stars  of  the  third  Mag* 
nitude.  It  is  therefore  certain,  that  it  did  not  always  appear  of  the  fame 
Magnitude  <h'  Brightnefs,  however  it  may  be  in  its  greateft  Increafe. 

Dec^  5.  It  had  ib  dwindled  away,  that  it  was  hardly  equal  to  a  Star  of  n.  734.  ^.ss^- 
the  fixth  Magnitude. 

An.  1 67 1.  Aug.  14.  It  was  equal  to  the  Star  at  the  Cheek,  nay^it  feemed 
(0  be  fomething  largpr. 

Sept^  12.  It  was  equal  to  that  in  the  Mouth,  of  the  fourth  Magnitude. 

O^.  30.  It  appeared  to  be  hardly  of  the  fixth  Magnitude. 

Nov.  3.  It  appeared  no  more. 

An.  1672.  Aug.  9.  It  fhined  with  very  bright  Rays,  and  was  greater  than 
tbat  in  the  Mouth,  and  lefs  than  that  in  the  Jaw. 

Sept.  1 7.  Lefs  than  that  in  the  Cheek,  was  hardly  of  the  fourth,  nay  of 
the  fifth  Magnitude,  and  on  the  25th  was  hardly  of  the  fixth  Magnitude. 

From  about  the  Month  oiOStober  to  December  23,  1676,  it  did  not  once  j^^^i^^  ^^ 
come  to  view,  though  I  direded  my  Eyes  towards  it  very  attentively,  when- 
ever I  applied  myfcif  to  Obfcrvations  on  a  clear  Night, 

An.  i6y6.  Dec.  10.  I  remember  very  well,  I  could  not  fee  the  new  Star  in  u'tj.p.%$%* 
the  ff^ba!e*s  Neck,  though  I  obfcrved  very  many  little  Stars  in  that  Part  of 
the  Heavens. 

Dec.  23.  The  Heaven  being  very  clear,  we  faw  very  plainly  the  new  Star 
in  the  fVbah^%  Neck,  It  (hone  with  fo  much  Brightnefs,  and  was  of  fuch  a 
Magnitude,  that  it  was  not  only  equal  to,  but  even  exceeded  the  Jaw  of  the 
Jf^bale. 

'  Dec.  31.  It  was  rather  greater  than  the  Jaw,  that  is,  of  the  fecond  Mag- 
nitude. 

yin.  i(>7y*  Jan.  i.  It  again  (hone  very  brightly,  rather  greater  than  the 
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H^aie^sjaw^  and  rather  greater  than  that  in  the  Extremity:  of  the  Win^  of 
Pegafus^  and  Marcab,  in  Colour  and  Light  not  lunlikc  co  the  Jaw.  Yet  I 
remember  to  have  obferved  formerly,  when  it  was  of  the  fecond  Magnitude, 
that  it  was  a  little  whiter  and  brighter.  *  •  .• 

Phi!.  Co!!.  jin.  i68r.  Aug.  i8.  The  new  Star  in  the  Whalth  Neck^this  Night,  tbo* 

•  5-^  x62-     ^1^^  Moon  was  full  and  (hining,  was  greater  than  that.in  tfae  /f^4//*s  Mouth, 
but  yet  not  equal  to  the  bright  Star  in  the  Jaw. 
ByM.CtiKmu       3.  An,   1 676.  MuTcb.  I  vicwcd  the  new  Star  in  the  Whak^%  Mouth, 
^'"^•^'  565-  which  had  difappcared  for  fome  Years,  being  immcrfed  in  the  Sun's  Beams, 
at  the  Time  of  its  greateft  fliining.     Now  it  plainly  exceeds  Stars  of  the  third 
Magnitude. 
By  Mr,  FiaiK-        4*  For  eight  Months  before,  I  have  often  feen  the  new  Star  in  the  male's 
u!j'     6        Breaft,  which  was  not  Icfs  than  Mr.  Caffini  mentions. 
An'JolJrin        J.  MoTch  10.  1 668.  Not  far  from  the  Star  in  Eridanas^  which  is  called 
Af'caiiini^"^     the  14th  by  Bayerus^  there  appeared  a  Star  equal  to  the  brighteft  of  the  4th 
N.  3s./>.  683.    Magnitude,  almoft  in  the  fame  Place  where  was  obferved  the  Comet  of  An. 
1664.  Dec.  5*.  which  Star  was  not  then  feen^  nor  at  other  Times  elfcwfiere, 
nor  is  defcribed  in  any  Catalogue,  on  any  Globe  or  Map,  thac  I  can  learn ; 
which  therefore  I  deem  to  be  a  New  one,  that  is,  of  New  Appearance. 
y^NiwSiarh       8.  Thc  Comct,  Aano  1672,  had  (on  the  ift  of  Aprils  N.  S.)  paffed45' 
Af  camntf       beyond  the  moft  Northern  Sftr  of  the  Head  of  Taurujj  and  was  diffcant  i « 
N.  82. ^  4046.  43' from  the  Star  that  was  ncarcfl  to  that  towards  the  South.'    M.Cafim 
having  confidercd  thefe  two  Stars,  obferved  that  the  Second  is  not  Icfs  bright 
than  thc  Firfl:,  and  yet  thuLBayerus  hath  not  marked  it. ;  and  that  at  firft  fight 
it  fcems  that  Tycbo  hath  left  it  out  in  his  Catalogue :  For  he  puts  four  Stan 
in  the  P%c  he  calls  in  ^adrilatero  Cervicis%  and  he  fpealcs  itot  of  thisj  which 
is  the  fifth,  and  maketh,  with   the  oiher  four,  an  irregular  Pentagon.    This 
OinifGon  of  Bayerus^  and  the  Denommation  which  Tycbo  \}itth  to  denote  thefe 
Stars,  which  fuits  not  with  the  Number  nor  the  Configuration  that  now  ap- 
pears, do  adminifter  Caufe  to  doubt  whetherthe  Star  in  queftion  be  npt  one 
of  thofe  that  appear  from  Time  to  Time. 

To  find  the  A'  .  . 

phciia*//Ae  XVI.  1.  Mr.  Caffini  fuppofes,  that  to  the  Planet  moving  m  an  Ellipds 

i^  M^ctifini?'  ^^'^  R  g'lt  Lines  arc  extended  from  the  two  Foci,  one  of  which  is  the  Line 
confiAtrtd,  hy     of  mean  Motion,  and  the  other  of  true  Motion.  Now  thc  Conftrudion  is  this, 

Mr.  Nic.  Mcr- 

cator.  L  is   the  Center  of  the  Concentric 


mJ.V:VS.    abcde. 

B  L  D  is  the  Diameter, 
^'*-  "7-       BA,  BC,  BP,  arc  appearing  Intervals. 
D  E,  D  F,  D  C^  are  Intervals  of  mean 
Motion.  ^ 


B I  is  perpendicular  to  R  H  G. 

I  is  thc  Center  of  the  Ellipfis. 

LI  is  the  Excentricity. 

10=  LI. 

O  is  the  Focusi;  about  which  the  nnean 

Motion   is  performed  ;    L  al:>uuc 

which  the  true. 
IM  =  IN  =  LB. 
M  is  the  Apogeum,  N  the  Perigeum, 

B  L  M  the  true  Anomaly. 


BF,  BF,BQiasairoDA,DC,DP, 

are  Right  Lines. 
BE  cuts  DA  in  H;  BF  cuts  DC  in 

G,  BQ^cutsDPinR. 
R  H  G  is  a  Right  Line. 

Demonfiration.  i.  The  moft  illuftrioiis  and  Right  Reverend  Seth  Jf^a-rA^ 
Bifliop  of  Salifbury^   in  his  Examination  of  thc  Pbiloiaic  Aftronomy»     hus 


( J«JI ) 

taught  us  a  Method,  from  the  mean  Anomaly  of  the  Planets  being  given,  to 
find  the  true  one,  which  is  thu$:. 

C  is  the  Center  of  the  Ellipfis  A  E  P,  F  the  Focus  about  which  the  mean    Fig.  ng. 
Motion  is  performed,  S  the  Focqs  of  the  true  Motion,  A  the  Apogeum, 
P  the  Perigeum,  E  the  Planet,  AFE  the  mean  Anomaly,  A  S  E  the  true 
Anomaly,  F  E  T  a  Right  Line,  E  T  =:  S  E,  S  T  is  a  Right  Line. 

In  the  Triangle  SFT  are  given,  i.  SF,  the  Diftance  of  the  Foci. 
2.FT=;:FE-fES  =  AP.  3.  AFT  the  external  Angle,  or  the  mean 
Anomaly,  equal  to  the  Sum  of  the  Angles  F  S  T  and  T.  Therefore  F  S  E  may 
be  found,  or  the  tme  Anomaly,  equal  to  the  Difference  of  the  Angles  F  S  T 
and  T ;  thus, 

.  Jf  halfibe  Sum  of  the  Sides  FT  and  F  S,  is  to  half  the  Difference  of^be 
fame^  fo  is  the  Tangent  of  half  the  Sum  of  the  Angles  F  ST  and  T  to  the  Tan- 
gent of  half  their  Difference. 

But  the  Half  fam  oi  the  Sides  F  T  and  FS  is  found,  by  fubftituting  for 
FT  its  Equal  AP,  whofe  half  is  A  C,  which  added  toCS,  half  of  FS, 
makes  the  Semi-fum  A  S,  the  Planjets  greateft  Diftance. 

Then  if  from  the  Half-fum  A  S  be  taken  the  leffer  Side  F  S,  there  re- 
mains the  half  difference  of  the  Sides  F  A  equal  to  P  S,  the  leaft  Diftance  of 
the  Planet.    Then  from  the  mean  Anomaly  to  find  the  true  one,  the  Rule  is, 

Js  AS,  tbegreaiejl  Diftance  of  the  Planet^  is  to  FS  the  leaii  Diftance^  fo  is 
the  Tangent  of  half  the  mean  Anomaly  to  the  Tangent  of  half  (he  true  Anomaly. 

Corol.  I.  If  SE  is  continued  as  far  as  V,  fo  that  EV=5FE>  and  the 
whole  S  V  =  Axis  AP;  the  Angle  V  of  the  Triangle  FS  V  will  be  half 
the  Profthapherefis  FES,  and  therefoire  equal  to  the  half-difference  of  the 
Angles  of  the  mean  and  true  Anomaly,  that  is,  of  the  Angles  AFE  and 
A  S  E.  (And  the  external  Angle  A  F  V  is  equal  to  half  the  Sum  of  the  fame 
Angles  A  F  E  and  A  S  E)  by  taking  away  the  Semi-difference  V  F  E  from 
the  greater  A  F  E  -,  whence  arife  thefc  two  Analogies, 

1.  As  the  Sine  of  half  the  Sum  of  the  mean  and  true  Anomalies  A.F  V,  to 
the  Sine  of  half  the  Difference  of  the  fame  ^  i  fo  /i  S  V,  equal  to  the  tranf- 
verfe  j^is  A  P,  to  SF  the  Diftance  of  the  Foci. 

2,  As  the  Sine  of  half  the  Sum  of  the  mean  and  true  Anomaly  A  F  V,  to  the 
Sine  of  the  true  Anomaly,  F  S  V ;  /^  /j  S  V,  or  the  Axis  A  P,  to  FY  the 
Suhtenfe  of  the  true  Anomaly  5  andfo  is  the  Semi- axis  A  C,  to  the  Semi-fubtenfe 
VXe?rFX.  • 

Corol.  2.  If  in  the  fame  Triangle  F  S  V,  from  the  middle  Point  X  of  the 
Subtcnfe  F  V,  be  railed  the  Perpendicular  X  E ;  it  will  divide  S  V  into  two 
Parts,  one  of  which  V  E  is  equal  to  the  Line  of  mean  Motion  F  E,  the  other 
SlE  is  the  Line  of  true  Motion  itfelf. 

cdh\%  the  Angle  of  half  the  true    ^*-"9' 
Anomaly^  and 


2.  Let  a  be  the  Center  of  the  Concen- 
tric chfi. 

cad  the  Diameter,  and  likewife  the 
Line  of  the  Apfids. 

ch  the  Arch  of  the  true  Anomaly,  to 
which  anfwers, 

di  the  Arch  of  mean  Anomaly  j  therefore 


dci  the  Angle  of  half  the  mean  Ano- 
maly. 

ci  and  dh  are  Right  Lines,  which  in- 
terfcft  ooe  another  in  g. 

From 
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From  the  Point  of  Intcrfe&ion  g  let  fall  gi  perpendicular  to  c  d\ 
Then  dh.bg:: Radius .  Tang,  bdgor  c db. 
And  cb.bg::  Radius  .  Tang,  b  eg  or  dci. 
Therefore  d bx Tang.  cdh  =  bgx  Rad,  =:cbx  Tang,  d c i. 
Wherefore  db  .cb::  Tang.  dci. Tang.  cdb. 
That  is,  db  will  be  to  ^  ^,  as  the  Tangent  of  half  the  mean  Anomaly  to  th« 
Tangent  of  half  the  true  Anomaly :  And  therefore  by  the  Rule  above-mcn* 
tioned,  as  the  greateft  Diftance  of  the  Planet  to  the  leaft  Diftance,     There* 
fore  db  will  be  equal  to  the  greateft  Diftance  of  the  Planet,  cb  will  be  equal 
to  the  leaft,  and  ^  ^  to  the  Eccentricity.. 

And  fince  the  fame  Thing  may  be  demonftrated  in  the  fame  Manner  of 
alUthe  other  Points  of  Interfeftion,  thai  is,  that  Perpendiculars  from  them 
to  the  Line  cd  will  fall  upon  the  Point  b^  'tis  neceffary  that  a  Right  Line 
joining  thofe  Interfeftions  muft  be  congruous  with  the  Perpendicular  bgf. 

3.  Drawing  the  Diameter  l>  tf  ^,  make  the  Arch  */=z^/,  and  draw  kc 
and  b  I  cutting  one  another  in  p.  From  b  upon  bgf  let  fall  the  Perpendicu* 
lar  b  r,  and  the  fame  is  parallel  to  the  Line  of  Apfids  c  d.  Then  the  Angle 
tbs'^'xW  be  the  halt- difference  of  the  Arches  of  the  true  Anomaly  <b  and 
of  the  mean  d  i.  Then  from  the  fame  Point  h  let  the  Right  Line  h^ht 
drawn,  making  an  Angle  with  kb  equal  to  thc'Angle  r^&j,  and  meeting 
the  Line  of  Apfids  in  jSj  then  the  Angle  fiab  of  the  Triangle  a^b  will  be 
the  Mcafureof  the  Arch  cb^  or  of  the  true  Anomaly;  and  libatht  half- 
difference  of  the  true  and  mean  Anomaly,  by  Conftrudtion;  and  the  external 
Angle  cfib  (equal  to  the  two  internal  and  oppofite  Angles  ^aJb  and  fiba^ 
and  therefore  compounded  of  the  trtJC  Anomaly  and  its  half-difference  from 
the  mean)  will  be  the  fcmi-fum  of  the  true  and  mean  Anomaly.  Therefore 
by  the  firft  Analogy  of  the  firft  Corollary,  as  the  Sine  of  4:^  i  to  the  Sine  of 
(iba^  fo  is  Radius  tfi&  to  the  Excentricity  afi.  But  we  have  demonftrated 
above,  that  /7^  is  ecjual  to  the  Excentricity.  TJierefore  the  Point  ^  is  con*- 
gruous  with  the  Point  b. 

Then  from  ^  let  ^  /  be  raifed  perpendicular  tobb.  I  fay,  that  this  being 
continued  will  fall  upon  the  Point  of  Interfedion  p.  For  the  Triangles  rbs 
and  bbtzvt  fimilar  by  Conftruftion.  Wherefore  alio  the  Triangle  bpk  is 
iimilar  to  the  Triangle  bgi^  fince  the  Angles  ^Hand  gib^  infifting  upon 
the  fame  Arch  cby  are  equal;  as  alfb  the  Angles  ^  i&  ^  and^  b  i  are  equal,  as  in- 
fifting upon  equal  Arches  kl  and  id.  Therefore  the  third  bpk  is  equal  to 
the  third  bgi.  And  from  Equals  pbk  and  gbi  taking  away  Equals  bbt 
and  rhSi  there  remain  Equals  ^  i&  ^  and  ^  A r.  Whence  I  argue  thus,  srb 
:si  ibbj  and  rhs:=ibht\  therefore  bsr:=zbtb^  and  therefore  the  Com- 
plements of  thefe  to  a  Semicircle  are  equal,  that  is,  r  si^=Lbtk^  and  s ig  = 
t  kp.  Therefore zMoigs^^zkf  /,  which  being  taken  from  Equals  igb  and 
kpby  there  remains  it^ 5  =  i>^/,  andgbrz=:pbb.  Therefore alfoifcr^  = 
b  bp.  But  i>  r^  is  a  Right  Angle,  and  therefore  alfo  bbp  is  ^  Right  Angle. 
And  fince  by  the  Conftruftion  bbt  is  a  Right  Angle,  thence  /  b  will  make 
a  Right  Line  with  bp.  And  fince  the  fame  Thing  may  be  demonftrated 
after  the  lame  Manner  of  any  other  Interfcftion  of  Lines  from  b  and  k^ 
drawn  to  congruous  Points  of  the  true  and  mean  Anomaly ;  it  is  plain,   that 

not 
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nt)t  only  the  Right  Line  that  joins  the  Intcrfcftions,  will  pafs  through  the 
Point  ^,  but  alfo  the  Line  b  b  will  be  perpendicular  to  the  fame  joining  Line. 

Corollary.  If  from  any  Point  of  the  true  Anomaly,  fuppofe  b^  to  the  cor- 
refponding  Point  i  of  the  mean  Anomaly,  a  Right  Line  b  i  be  drawn ;  bf 
perpendicular  to  cbd^  being  drawn  from  the  Center  of  Excentricity  b^  will 
cot  b  i  in  j,  in  the  Ratio  of  the  Line  of  the  mean  Motion  to  the  Line  of  the 
tme  Motion. 

For  by  the  latter  Analogy  of  the  firft  Corollary,  bb  is  the  Semifubtenfe; 
therefore  by  the  fccond  Corollary,  a  Perpendicular  bi  crcdtcd  at  b  cuts  the 
Diameter  bk  in  /,  in  the  fame  Ratio  that  the  Line  of  mean  Motion  has  to 
the  Line  of  true  Motion.  Therefore  r  j  or  b  foils  the  Line  b  i  in  the  fame 
Ratio  in  s  \  bccaufc  of  the  Similitude  of  the  Figures  tbbkpbb  and  sr  bigbr 
juft  now  demonftrated. 

But  from,  the  above-quoted  Method  of  the  Right  Rev.  Dr.  Ward^  for 
finding  the  firft  Inequality,  it  will  not  be  difficult  to  produce  ftill  another 
Way  of  inveftigating  the  Apogeum  and  the  Excentricities,  which  is  not  lefs 
direft  and  Geometrical,  and  admits  of  any  Number  of  Obfervations ;  which 
I  ihali  explain  in  a  few  Words.  The  Lovers  of  Aftronomy  may  find  fcve- 
ral  Ways  in  the  Right  Rev.  Author's  ^ftronomia  Geometrica^  to  which 
therefore  I  refer  them.     But  now 

Let /and  d  be  the  two  Foci  of  the  Ellipfis,  /  and  »  two  Pbintsof  the  F/^.no. 
Planet's  true  Motion,  /  «  an  Arch  of  the  Ellipfis,  which  from  /  is  viewed  un- 
der the  Angle  / /«,  and  from  d under  the  Angle  tdu\  alfo  the  Diftance  of 
the  Foci  ld\%  viewed  from  /  under  the  Angle  dtl^  and  from  u  under  the 
Angle  dul.  I  fay,  the  Difierence  of  the  Angles  tlu  and  tdu  '\%  equal  to  the 
Diffisrence  of  the  Angles  dt  I  and  dul. 

For  fince  all  the  three  Angles  of  the  Triangle  lux  taken  together  are 
cqoai  to  all  the  three  Angles  of  the  Triangle  dtx  when  taken  together,  if 
£rom  each  be  taken  away  the  equal  Angles  Ixu  and  dx  t^  the  Sum  of  the 
other  two  ulx-\' Ijix  will  be  equal  to  the  Sum  of  the  others  idx^d^Xi 
and  if  from  thefe  equal  Sums  be  taken  away  UnequaJs,  that  is  ulx  from  the 
former  and  tdx  from  the  latter ;  the  DiflFcrence  of  the  Remainder  lux  Sind 
dfx  will  be  equal  to  the  Difference  of  the  Angles  taken  away  ulx  and  tdx. 
Which  was  the  Thing  propofed. 

With  Center  /,  and  Diftance  of  the  tranfverfe  Axis  m  »,  Jet  a  Circle  ab  c 

be  defcribed,  whofc  Arch  ^  ^  is  again  viewed  from  /  under  the  Angle  alb^ 

and  from  d  under  the  Angle  adb.     Alfo  the  Diftance  of  the  Foci  ld\% 

viewed  from  a  under  the  Angle  lad^  and  from  b  under  the  Angle  Ibd. 

Therefore  again  the  Difference  of  the  Angles  alb  and  adb  is  equal  to  the 

Difference  of  the  Angles  lad  and  Ibd.     But  by  Corel,  i.  the  Angle  lad  is 

half  the  Angle  lud,  and  the  Angle  Ibd  is  half  the  Angle  hd.     Therefore 

the  Difference  of  thefe  Angles  la  d  and  Ibd  is  equal  to  half  the  DiflFcrence  of 

the  Angles lud and  lid.     Therefore  alfo  the  Difference  of  the  Angles  alb 

and  adb  is  equal  to  the  half  difierence  of  the  Angles  «  //  and   u  dt^  the  for- 

iner  of  which  is  the  apparent  Interval  of  the  two  Obfervations,  and  the  latter 

is 
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is  the  Interval  of  the  mean  Motion.  Therefore  the  Difference  of  thefe  In. 
tervals  being  given,  half  this  Difference  is  alfo  given,  or  the  Difference  of 
the  Angles  ali  and  adb.  But  alb  is  the  lame  as  the  given  Angle  ult\ 
therefore  Che  Angle  aid  is  alfo  given,  under  which  the  Arch  a  bis  viewed 
from  d. 

In  a  like  manner  it  may  be  (hewn,  that  the  Difference  of  the  Angles 
/  ly  and  /  dy  is  equal  to  the  Sum  of  the  Angles  ltd  and  lyd'^  alfo  the  Uif- 
fcrence  of  the  Angles  blc  and  bdcis  equal  to  the  Sum  of  the  Angles  Ibd 
zodlcd.  And  fince /*iis  half  of //J,  SLud  tedhiK  of  lyd  y  the  Sum  of 
lb  d  md  led  will  be  equal  to  half  the  Sum  of  the  Angles  ltd  and  lyd-^  that 
isy  the  Difference  of  the  Angles  blc  znd  bdc  will  be  equal  to  the  half  Dif- 
ference of  the  Angles  /  ly  and  /  dy^  of  which  the  firft  is  the  apparent  Inter- 
val of  the  two  Obfcrvations,  and  the  latter  the  Interval  of  the  mean  Motion. 
Therefore  the  Difference  of  thefe  Intervals  being  given,  half  of  this  Difference 
is  alfo  given,  or  the  Difference  of  the  Angles  ^/^  and  bdc.  But  blc\%  the 
fame  with  the  given  Angle  tly\  therefore  the  Angle  bdc  is  alfo  given,  un- 
der which  the  Arch  ^  ^  is  viewed  from  d. 

Whence  it  appears,  that  the  mean  and  apparent  Intervals  of  the  Obferva* 
tions  being  given,  the  Angles  alfo  are  given,  under  which  any  Arches  of  tlie 
Circle  abc  are  feen  from  d^  which  Arches  are  intercepted  by  Lines  of  th<; 
true  Motion.  Therefore  by  Herigon^s  Theory  $f  the  Planets ^  lib.  i.  caf.i^ 
Prop.  12.  Schol.  I.  fomany  Segments  of  a  Circle  may  be  defcribed,  capable 
of  receiving  Angles  under  which  thofe  Arches  are  viewed  from  dy  all  which 
Segments  will  interfeft  one  another  in  d.  Therefore  by  this  Method  the 
Apogees  and  Excentricities  of  the  Planets  may  be  found  by  a  Geometrical 
Delineation,  and  applying  any  Number  of  Obfervations :  Nor  is  it  more 
difficult  to  draw  Circles  than  Right  Lines. 

But  to  grant  what  is  true,  that  Mr.  Cajfini^s  Geometrical  Delineation  is 
fomething  more  expeditious ;  it  is  however  to  be  feared,  that  if  we  purfuc 
that  Exadnefs  required  by  Aftronomers,  it  requires  Diagrams  of  an  enor- 
mous Size,  and  thereby  becomes  more  operofe  than  the  Calculation  itfclf. 
But  if  wc  make  ufe  of  this,  we  Ihall  find  both  Methods  to  be  equivalent. 
Now  left  any  one  fhould  think,  that  the  Difference  from  the  Truths  of  the 
Apogcum  and  Excentricity  found  by  either  Method,  is  to  be  imputed  to  an 
Error  of  Calculation  ;  we  (hall  now  difcufs  the  Hypoihcfis  itfelf.. 

The  Invention  of  the  Elliptic  Orbit  without  any  doubt  is  owing  to  Kep- 
ler ;  but  to  determine  by  what  Degrees  of  Acceleration  and  Retardation  the 
Planets  move,  does  not  lefs  belong  to  the  completing  the  Hypothefis,  than 
to  determine  the  Orbit  itfclf.  Though  from  Mr.  Ccjftni^s  Words,  or  thofe 
of  his  Interpreter,  it  no  where  appears;  yet  it  is  plairi  from  his  Conftrudion 
of  the  Problem,  and  from  his  Analyfis,  that  he  fuppofed  the  Planet,  if  kcti 
from  the  upper  Focus,  to  move  with  an  equable  Motion.  This  wasbecaufc 
Kepler  thought  the  fame,  as  may  appear  to  thofe  who  will  confulc  his  Writ- 
ings. But  when  he  perceived  that  this  by  no  mean^.  agreed  with  the  Obfer- 
vations, he  changed  his  Opinion,  and  efpoufed  this,  that  th^  Line  of  the 
Planet's  true  Motion  defcribcd  equal  Elliptical  Areas  in  equal  Times.     But 

that 
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that  P6int  from  whence  the  PJanet  may  be  feen  to  proceed  exaftly  with  ait 
equable  Motion,  is  no  where  to  be  found  in  the  Univerfe,  unlefs  we  have  a 
Mind  to  make  it  fludluating.  Yet  no  Point  comes  nearer  to  this  equable 
Motion  of  the  Planet,  than  that  \)f  the  upper  Focus  of  the  Ellipfis.  Nor  is 
any  one  yet  found  that  will  deny,  but  that  Kepler*s  Area's  may  fatisfy  the; 
thaenomena  •,  but  fuice  neither  he  himfelf,  nor  any  one  fince  His  Time,  has 
been  able  to  exhibit  them  by  a  direft  Calculation,  .fome  have  beet)  apt  to 
blame  Kepler^  as  laying  too  great  a  Strefs  upon  Phyfical  Caufes,  and  thereby 
departing  from  Geometry.  As  though  Phyfical  Caufes  can  be  contrary  to 
Geometry,  or  as  if  the  Problem  is  lefs  Geometrical  which  is  thus  propofcd, 
Without  imking  any  mention  of  Phyfical  Caufes :  ^he  Area  of  the  ^rilinium 
being  given  J  which  is  comprehended  between  the  Lines  of  the  Apfids^  of  the  true 
Motion^  and  alfo  the  Elliptical  Arch  \  to  find  the  Angle  at  the.  Sun. .  They 
that  objedt  to  this,  a  departing  from  Geometry,  may  take  iC^/fr's.An- 
fwer  5  Let  them  go  and  folve  the  Problem. 

But  though  Kepler  was  fo  fcrupulous,  as  not  to  give  up  an  HypotheHs 
which,  he  was  fully  perfuaded,  obtained  in  Nature,  yet  it  may  "tie  free  for 
others  to  make  a  Tryal,  whether  any  other  Way  may  be  founld,  )>y  which 
the  firft  Inequality  of  the  Planets  may  be  inveftigated  by  a  diredl  Calculus. 
Therefore  the  learned  Bullialdus  undertook  .  to  fearch  out  by .  Geometrical 
Reafonings,  in  what  Path,  and  with  what  Degrees  of  Intenfion  and  RemiC- 
fion  the  Planets  might  be  urged,  fo  that  by  the  Rule  of  equable  Motion 
which  wasaflumed  by  the  Aftronomers  before  Kepler^  we  might  be  brought 
to  that  Inequality  we  behold.  The  Monuments  of  that  great  Man  are  ftill 
in  being,  whence  the  Lovers  of  Aftronomy  may  be  informed  of  his  whole 
Method.  The  Right  Rev.  Seth  H^ard  has  embraced  the  fame,  and  is  the 
firft  that  has  fhewed,  that  it  performs  the  fame  Thing  as  a  Line  of  equable 
Motion  revolving  about  the  other  Focus  of  the  Ellipfis.  He  has  al(b  fupplied 
it  with  a  dired  Method  of  Calculation,  the  fame  which  we  have  recited  a 
little  before.  So  that  nothing  feems  to  be  farther  required,  than  that  Ura^ 
nia  would  profpcr  fuch  happy  Attempts,  And  in  her  Name  it  was  that  the 
illuftrious  Count  Pagan^  in  a  Treatife  publifhed  two  Years  after,  of  the  iame 
Tenour,  ventured  fo  far  to  affert  the  Truth  of  this  Hypothefis,  as  to  chufe 
to  afcribe  to  the  Ignorance  of  Aftronomers  that  Difcrepancy  that  was  difco- 
vered  about  the  Odants.  But  the  learned  Bullialdus  judged  it  fafer  to  hear 
Aftronomy  herfclf,  fpeaking  as  it  were  by  the  Mouth  of  Obfervers ;  and  by 
his  fecond  Endeavours  he  exterminated  that  Difcrepancy,  by  a  certain  Limi- 
tation which  he  annexed  to  his  former  Difcoveries.  Whence  we  may  finally 
conclude,  that  this  Hypothefis,  on  which  Mr.  Cajini  has  founded  his  Inve- 
ftigation  of  the  Apogee^s  and  Excentricitics,  is  fo  far  removed  from  the 
Truth,  as  to  make  Bullialdus*s  Limitation  neceflary  ;  and  from  that  Defcd 
proceeds  the  Difagreement  between  the  Calculation  and  the  Heavens  them- 
Idves.  ^ 

2.  The  Annual  Motion  of  the  Earth  through  the  Ecliptic  occafions  ^n^y^r.z^. 
Optical  Inequality  in  the  Motions  of  the  other  Planets,  which  is  well  known  "ilj^.  1676. 
to  Aftronomers  that  embrace  the  Copernican  Syftcm,  by  the  Name  of  theN.  W8./..683. 
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Parallax  of  the  Orbit.  And  this  Inequality,  which  without  much  Labour  is 
derived  from  Obfervations,  I  lay  down  as  the  ftrongefl:  Foundation  of  the 
following  Method.  In  which,  befides  Obfervations,  nothing  elfe  is  fuppofcd, 
than  that  the  Orbits  of  the  Planets  are  Ellipfes,  and  that  the  Sun  is  placed  in 
the  common  Focus  of  all  the  Orbits  ;  and  laftly,  that  the  Periodical  Times 
of  them  all  are  fo  well  known,  that  no  Error  can  be  perceived  at  leaft  in 
two  or  three  Revolutions.  Thefe  Things  being  granrea,  firft  I  muft  begin 
with  the  Motion  of  the  Earthy  which  is  neccflarily  required  to  account  for 
the  Motions  of  the  other  Planets. 
Fig.  121k  Let  S  be  the  Sun,  A  BCDE  the  Orbit  of  the  Earth,  P  thic  Planet  Mars^ 

which  for  many  Rcafons  is  chiefly  to  be  preferred  fbr  this  Purpofe.    And 
.firft  let  the  true  Time  and  Place  be  obferved,  when  Mars  is  oppofire  to  the 
Sun  5    for  then  the  Sun  and  Earth  coincide  in  the  fame  Right  Line  with 
Mars:  or,  rf  he  has  Latitude,  (which  almoft  always  happens)  with  that  Point 
where  a  Perpendicular  from  Mars  falls  lipon  rhe  Plain  of  the  Eclfptic.  Thus 
in  the  Scheme  S,  A,  and  P  are  in  a  Right  Line.     Again,  after  687  Days 
Afcr/  returns  to  the  fame  Point  P  where  he  Was  oppofed  to  the  Sun  in  the 
'  former  Obfervation ;  but  as  the  Earth  does  not  return  to  A  till  after  730^ 
Pays,  ill  fi  It  regards  the  Sun  in  the  Lme  S  B,  but  Mars  in  the  Line  B  P^ 
and  the  Longitudes  of  the  Sun  and  Mars  beii;g  obferved,  all  the  Angles  of 
the  Triangle  PB  S  are  given,  and  PS  being  luppofed  looooo,  in  the  fame 
Parts  the  Length  of  the  Line  SB  is  found.     In  like  manner,  after  another 
Period  of  Mars^  the  Earth  being  in  C,  the  Lme  S  C  is  found,  and  fo  like- 
wife  the  Lines  S  D,  S  E,  S  F ;  and  the  Differences  of  the  obferved  Places  of 
the  Sun  are  the  Angles  at  the  Sun  A  S  B,  BS  C,  C  S  D,  D  S  E.     Thus  we 
come  at  laft  to  this  Geometrical  Problem,  Three  Lines  being  given  both  in 
Length  and  Po/ttion^  meeting  in  one  of  the  Focuses  of  an  Ettipfisy  to  find  the 
Length  of  tht  franfverfe  Diameter,  and  the.  Dijlance  of  the  Foci.     The  Refo- 
lution  of  this  Problem  may  be  extended  alfo  to  the  other  Planets^  if,  after  the 
Theory  of  the 'Earth's  Motion  is  known,  we  find  out  (according  to  rhe  Me- 
thod propdfed  bv  tlie  Rfght  Rev.  the  Bifliop  of  Salisbury  in  his  Geometrical 
AftronAmy,'  Lik  2.  Part  2.  Cap.  5.)  three  Diftances  of  any  Planet  from  the 
Sim  with  tcs  Pofitions.    Now  becaufe  the  Biftiop  fuppofes  the  Planet  fo  to 
move  in  its  Orbit,  that  jh  equal  Times  it  compleats  equal  Angles  at  the 
other  Focus  of  rhe  E'lKpfis,  .and  upon  this  Soppofition  builds  his  Calculation ;. 
it  will  not  be  improper  to  ftiqw  bow  the  fame  Thing  may  be  done  withoac 
that  Suppofirion  ;  which  Oblervation  obliges  us  to  rejeft. 
^'T-  "»•  Let  S  be  the  Sun,  A  L  B  K  the  Earth's  Qrbit,  P  the  Planet,  or  the  Point 

in  the  Plain  of  the  Ecliptic  marked  out  by  the  Perpendicular  from  the  Pla- 
net;  A  B  the  Line  of  the  Earth's  Apfids.  Firft  let  the  Longitude  and  La- 
titude of  rhe  Planet  be  obferved,  and  aMb  the  Sun*s  Longitude  from  the 
Earth  in  K ;  and  after  a  Period  of  the  fame  Planet,  the  EanA  being  in  L, 
let  two  Pofitions  of  the.  Planet  and  the  Syn  be  again  obferved  as  before.  Now 
,  .  from  the  obferved  Longitudes  of  the  Sun  and  the  Earth's  Aphelion  are  gi- 
ven the  Angles  ASK,  A  S  L,  and  confequently  the  Sides  SK,  S  L.  Now 
in  the  Triangle  KS  Late  given  the  Sides  K  S,  LS,  and  the  Angle  K  S  L; 

required 


tcquirecl  the  Side  K  L»  and  the  Angles  S  K  L,  S  L  tC.  Then  in  the  tri- 
angle K  L  P  are  given  K  L,  K  P  L  the  Difference  of  the  observed  Longi- 
tudes, of  the  Planet)  and  PKL  the  Difference  of  the  Angles  SKLJaft 
lound,  and  of  SK  P  the  Planet's  Elongation  from  «he  Sun  in  the  firft  Obfer- 
vation  -,  required  L  P.  Then  in  the  Triangle  L  S  P  are  given  the  Sides 
LS,  L  P,  and  the  Angle  P  L  S,  the  Planet's  Elongation  from  the  Sun  in  the 
fccond  Obfcrvation  j  required  the  Side  S  P  and  the  Angle  L  S  P ;  iVhich  be- 
ing found  it  is,  as  S  P  to  ^L  P,  lb  is  the  Tangent  of  the  Latitude  obfcrvcd  at 
L,  to  the  Tangent  of  IncKnation  or  Latitude  to  the  Sun  j  and  as  the  Co-fine 
of  Inclination  to  Radius,  fo  is  S  P,  the  cuctatcd  Diftance,  to-  the  true  Di- 
fiance  of  the  Planet  from  the  Sun*  So  at  laft  we  have  found  the  defired  Po- 
fition  and  Longitude.  It  remains  to  (hew,  how  fronft  three  given  Diftances 
from  the  Sun,  with  the  intercepted  Angles^  to  find  the  middle  Diftance 
widi  the  Excentticity  of  the  Ellipfis. 
Let  S  be  the  Sun,  and  S  A,  S  R,  S  C,  three  Diftances  in  dtte  PoCtion,  Fig,  tij* 
I  and  drawing  A  B,  B  C,  Jet  A  B  be  the  Diftance  of  the  Foci  in  an  Hyper- 
!!  bola,  and  S  A  — .  S  B  =  E  H  be  the  tranfverfe  Diameter,  Thefe  Things 
'  being  premifed,.  Jet  that  Hyperbolical  Line  be  dcfcribed,  whofeiiitcrnal  Fo- 
cus is  at  the  Point  A,  and  the  Extremity  of  the  longer  Line  S  A.  In  like 
manner  let  B,  C,  be  the  Foci  of  another  Hyperbola^  whofc  Diameter  is  S  R 
—  S  C  =  K  L ;  from  which  let  the  Hyperbolical  Line  be  defcribed,  having 
its  internal  Focus  at  the*  Point  B.  I  fay  thefe  two  Hyperbpla's  thus  de- 
fcribed will  interfeft  one  another  in  the  Point  F,  which  is  one  of  the  Foci  of 
the  Ellipfis  required  }  and  drawing  the  Line  FA,  FB,  orFC,  either  S  A 
*}-FA,  SB-I-FB,  orSC+FC,  will  be  equal  to  the  tranfverfe  Diame- 
ter, and  S  F  is  the  Diftance  of  the  Foci.  Thefe  being  fuppofed,  the  De- 
fcription  of  the.  Ellipfis  will  be  very  eafy.  But  whereas  the  Rcafon  of  this 
Conftru<5tion  may  not  be  obvious  to  every  one,  it  will  not  be  improper  to. 
give  fome  Illuftration  of  it.  1  fay  therefore,  that  from  the  raoft  known  Pro- 
perty of  the  Ellipfis,  *tis  SB-f-FBisS  A-j-F  A,  and  tranfpofing  tfa« 
Parts  of  the  Equation  FB  —  FA  =  SA~SB,  fo  that  though  m  did  not 
know  F  B  and  F  A,  yet  their  Difi^erence  is  equal  to  S  A  *—  S  B,  that  is,  w 
EH.  *  And  fince  it  is  from  the  Nature  of  the  Hyperbola,  that  it  has  any 
two  Lines  from  their  Foci  to  any  Point  in  the  Curve,  qonftandy  differing 
by  the  Quantity  of  the  tranfverfe  Diameter  5  it  is  plain  that  the  J?oim  F  is 
fomcwhere  in  the  Curve  of  the  Hyperbola,  whofe  tranfverfe  Diameter  is 
equal  to  S  A  *-  S  B,  and  its  Foci  A  anfi  B.  In  a  like  manner  it  9i^y;be 
dcmonftrated,  that  the  Point  F  is  in  an  Hyperbola,  whofe  Diameter  is 
SB —  S  C,  and  its  Foci  B  and  C/  Therefore  it  muft  neceffariiy  be  in  the 
Inrerfcftion  of  thofe  two  Hyperbola's,  which,  as  they  interfcdk  one  another 
in  one  Point  only,  plainly  (hew  where  the  other  Focu§<rf"the  Ellipfis  required 
muft  be. 

Now  that  the  fame  Thing  may  be  performed  Analytically,  fuppofe  it 
done,  and  let  FB=:^,  S  ^  —  SB  =  FB  — F  A  =3*,  AB  =  r,  SB  — 
S  C  ==  FC  -,F  B  =  ^,  B  C=/,  and  let  the.Sine  of  the  Angle  ABCcrS, 
an4  the  Cofine  of  the  fame  =  j. 

•LI  a  Then 


{*  i6o  }  

Thcnf.*::4«~.*. >  and -^ =:BD,by36. 

2ad4-dd.         ff^2ad—dd      „^  . 
S.Eucl.  And/. d: :2a -\-d. f—*  and^-^i jy =BG,by 

e         cC'-^bb  b 

the  fame.    Now  to  abbreviate  the  Calculation,  make  — — —  =  ^,  and  -- 

*>  c  c 

=  b  I  alfo  make-^-^"^.      =  k,  and  -7=  /.     Then^  BD  z=zg  +  l  a,  and 

2/  / 

B  G  =  ^  —  /  ^.     And  bccaufe  in  every 

of  the  Squares  of  the  Sides,  and  of  the  double  ReSangle  of  the  Sides  into 
the  Cofine  of  the  contained  Angle  ;  it  will  be  gg^igha*]^  bb  aa'\-kk 
—  2  kla-^-llaa-^^  zg  ks^-^  2gls  a-^- 2  k  b  s  a  "^2  b  I  s  a  a  is  cqu2Ll  to  the 
Square  of  D  G.  But  D  G  is  equal  to  the  Sine  of  the  Angle  D  F  G  or  D  B  G 
drawn  into  F  B  or  ^ ;  (for  F  B  D  G  is  a  Quadrilaterum  infcribed  in  the  Cir- 
cle whofe  Diameter  is  F  B)  therefore  SSaa=^gg^2gba^bBaa'\^kk 
' — 2kla'^llaa^2gks —  2glsa'\'2kbsa^^2blsaa:  Which  E- 
qufttion  is  eafily  refolved,  fince  it  does  not  exceed  an  affedled  Quadra  tick, 
and  is  always  compofed  of  thofe  Squares  and  Rcdtabgles.  Yet  the  Signs  -|- 
and  — ,  becaufe  of  the  diflferent  Conftitution  of  the  three  Lines,  muft  be  ap- 
plied to  the  Redtangles  with  good  Caution. 

ntOhH^ukyof      XVII.  I.  Jn.  230.  before  the  Birth  oiCbriJi^  Eratoftbenes  found  the  Ob- 
fiJXfir.    liquity  of  the  Ecliptic,  23^  .51'.  19".  31'"  •  5'"'. 

^ZtfTor      ^^^  according  to  him  the  Diftance  of  the  Tropicks  was  ^  f  of  the  Circle  of 
"^.'h^Lti.  '^'the  Meridian,  or  47° -ff.  Plslmy's  Magna  Syntaxis,  p.  18.  21.   Wherefore 
Sept.  An.  1684.  £^^/^i&;?;i^j»s  Obliquity  was  lefs  than  Ptokmy\    by  only  J,- of  a  Second, 
^ ""  '      which  is  a  very  contemptible  Diiierence. 

•  Eratoftbenes  according  to  Cleomedes  (z&  derived  by  Ricciohs)  makes  it  23 
Degrees,  and  46  Minutes  befides, 

Eratoftbenes^  2l^  correfted  by  Ricciolus^  31',  5".  (above  23®), 
Hipparcbus  (140  Years  before  Cbrift)  has  retained  the  Obliquity  of  Erato- 
ftbenesi  PtoL  Mag.  Syntax^  p.  18.  and^.  60. 

Theo^  as  taken  more  exadly,  51' .  19''  .31"'.  5'"*. 

Yet  the  Chovarefmic  Tables,  compiled  830  Years  after  Cbrift^  exhibit  the 
Canonic  Obliquity  of  the  Alexandrians^  according  to  a  Latin  Manufcript  of 
D.^  Hat  ton,  51'. 

Pytheas  MaffilienfiSy  324  Years  before  Cbrift y  (in  Ricciolus)  52'.  41^ 
Ariftarchusy  hddrc  Cbrift  280  Years,  by  the  illuftrious  5^/7*s  Compuu- 
tion,  51'.  20". 

Ariftarcbus^  as  Ricciolus  has  deduced  it,  30'.  00''. 
Strabo  ihs  Geographer,  p.  93.  30  Years  after  Cbrift^  makes  it  ;f^  of  a 
Circle,  d- above  23^,  yet  i  more,  or  60'. 

Nor  otherwife  Geminus^  in  Cbrift^%  Time,  Chap.  iv.  Elem.  Aftron.  And 


tatius^  cap.  26.  and  Preclus  of  the  Sphere.     And  the  Aftrologers  in  Nod- 
damus  the  Jrabiatiy  Abraham  Abenefdra^  fc?r. 

Hoddamus  the  Aftronomcr,  who  flourilhed  about  An.  Dom.  1200,  takes 
Notice,  that  the  Obliquity  was  never  obfervcd  greater  than  24  Degrees,  nor 
Icfs  than  23^.33',  ^^^  Y^t  that  it  continually  dccreafes. 

QottJ.  PtolemeuSy  after  Chrift  140.  having  often  tried  it  with  his  Ring  and 
his  Table,  always  found  it  nearly  the  fame  with  that  of  Erateftbenes^  51. 20'. 

For  the  Diftance  of  the  Tropicks  was  between  47}  and  47 1.  But  he 
chofc  for  his  little  Table  47** .  42' .  40" .  iVfif .  5)w/iax,  p.  18.  20,  21,  and 
27.  He  took  nearly  the  middle,  23'' .  51'  •  20"  ;  nor  otherwife  in  his  Hy- 
pothefcs  of  the  Planets.  But  Theo  m  his  fhorter  Tables,  for  the  Sake  of 
Expedition,  omits  the  Seconds.  Buf  Ricciolus  is  miftaken,  when  from  the 
Climate  oi  Rhodes  he  deduces  the  Meafure  of  the  Obliquity  for  PtoUmy  to  be 
230 .  30^. 

Pappus  ol  Alexandria^  (390  Years  after  Cbrifi)  L  6.  Tbeor.  35.  by  Riccio- 
lus 30'. 

Pappus^  as  Fr.  Commandinus  computes  it,  50' .  00"  .  00".    ' 

Theo  J  (after  Chrift  370  Years)  p.  88.  more  accurately,  51'.  20'.  00'. 

Elfewhere  in  a  round  Number,  as  p.  57.  and  frequently  in  his  fhorter  Ta- 
bfes  not  yet  pubJifhcd,  51' .  00" .  00"'. 

Almatnon  the  Prince,  An.  Chriff.  825.  of  the  Hegira  210,  makes  it  23®. 
35',  Grav.  p.  44.  from  Ebn-Shatir  of  Datnafcus^  MS.  Selden.  many  Aftro- 
nomers  affifting  him.  For  fo  Abenefdras  relates,  MS.  Lat.  in  the  Archives 
of  Digby.  Alfo  an  uncertain  Aftronomcr  in  Archiv.  Seld.  affirms,  that  Jahia 
Ebn  Albimanfur^  with  many  other  Philofophcrs,  in  the  Time  of  Almamon^ 
found  the  Obliquity  to  be  by  Obfervation  23*" .  35'. 

The  moft  learned  At  Noddam^  in  his  Commentaries  upon  the  Aftronomi- 
cal  Works  of  Hofein  Nifaburienjisj  fays  the  fame  Thing  of  the  Obfervations 
of  Almamon.  To  which  he  adds,  that  in  the  fame  Age  Beni  Mu/a  often  ob* 
ferved  the  fame  Meafure  to  be  23* .  35'.  in  the  Neighbourhood  of  Bagdad. 
MS.  Arab.  ColL  St.  John  Oxon.  And  this  was  approved  by  moft  of  the 
Aftronomers  that  fucccedcd.  At  leaft  Alferganus  acquiefces  in  it  in  his 
Aftronomy,  Chap.  5. 

Mohammed  Ebn  Gaber  Al  Batanius  (or  Bategnius)  at  Racca ;  according  to 
Ricciolus^  An.  Bom.  880.  Savil.  890.  Graviusp.  44.  882.  of  the  Hegira^  269. 
He  died  in  the  Year  of  the  Hegira^  317.  An.  Dom.  929.  In  the  Hiftory  of 
4bolfaraguSj  p.  191.  Oiliq.  35  .  co'. 

Al  Batanius  in  this  Affair  makes  no  Scruple  of  preferring  his  own  Obfer- 
vations before  the  Words  of  Ptolemy ^  cap.  4,  and  fays,  that  being  affifted 
rich  a  very  long  Alhidada^  or  Paralladlical  Ruler,  in  Refemblance  of  thofe  of 
Uolemj^  with  great  Care  and  Diligence  he  found  at  Racca^  that  the  Diftance 
f  the  Tropics  was  47** .  10' .  (that  is,  59** .  36'  —  12°  26)  and  therefore 
he  Latitude  of  Racca  was  ^^"^  5  which  yet  Ulocbeg  makes  36*.  10'  •,  Schick- 
rd  in  CurtiuSj  {p.  33.)  and  Ricciolus  make  it  36^ 

Thabet  Ebn  Corra^  (with  Ricciolus^  An.  Dom.  12 10.  more  truly  901,  in 
nc  289.  of  the  Hegira)  found  the  Obliquity  to  be  33' .  30'. 

Abtil 


'/S?ul  Hofein  Ebn  SupbU  3^ .  00". 

^iul  JVaffi  AlBuTuaniy  and  Abn  Hamd  SaganienJiSj  a  very  iogenious  Per- 
Ton,  {A  D.  987.  Heg.  377-)  at  Bagdad  found  the  Obliquity  to  be  very  near 

35'- 

So  a  Perjian  Author  in  the  Archives  oi  Selden^  35'. 

In  like  manner  the  Perjic  Tables  of  Cryfpcocca^  35^. 

AlBatrunius  Abul  Riban^  {A.  D-  995.  of  the  Hegira  385.  Aholfaragius 
puts  him  at  463.  of  the  Hegira^  ox  A,  D.  1070.)  made  ufc  of  a  Quadrant 
whofe  Radius  was  15  Cubits  {Grav.  p.  54.  from  an  Arabic  Book  of  Birunius) 

35'. 

But  Abu  Joafer  Alcbazan^  with  his  Affociate  Abufaldus  Harwanenfts  at 
Edejfa^  and  others  of  that  Age,  (A.  JD.  970.)  obfcrvcd  that  the  Obliquity 
did  not  quite  come  up  to  23° .  35',  but  was  fomething  lefi. 

Almaon  Son  of  Almanfor  (A.  D.  1 140.  Rice.)  33  •  30".  But  according  to 
Clavius  and  M^eftlin  he  made  it  33'  only. 

Ifmael  Abulfeda  Prince  oi  Hama^  (A.  D.  1311.  of  the  Hegira  711.^  in  bis 
Manufcript  Tables  Arab.  ColL  St,  John^  retains  35' .  00"  .  perhaps  on  the  Au- 
thority of  Almamon, 

Propbatius  the  Jew^  (A.  D.  1300.  Rjcc.  1303.  MifftUn  in  Curtius  p,  40. 
230  Years  after  Arzachel^  faith  Copernicus)  and  in  Ricciolusy  and  a  Manu- 
fcript of  Merion  College,  32' .  00". 

Abu  MabmudAl  Cbogandi,  (A,  D.  992.  of  the  Hegira  382.)  in  the  Time 
of  Fecrodauia,  with  a  Sextant  whofe  Radius  was  40  Cubits,  and  the  JLimb 
was  divided  into  Seconds,  found  the  Obliquity  lefs  than  it  had  ever  been 
taken  by  any  of  his  Anceftors ;  that  is,  32' .  2  !"• 

Hence  Noddamus  the  Aftronomer  affirms,  CMS.  ColL  5/.  John)  that  the 
Sun's  greateft  Declination  was  bardjy  ever  found  lefs  than  23** .  33'. 

Arzacb^l  of  Spain^  (Grav.  p.  44.  A,  D.  1089,  of  the  Hegira  j^2.  Ria* 
1070.  M^ftlin  in  Curtius y  p.  35.  1075.  Copernicus^  1.  3.  c,  6.  190  Years 
after  Al  Batanius)  has  propofed  the  Obliquity  23° .  33' .  30".  So  MS.  OH. 
Mert.  OxoH.  where  it  is  faid,  that  there  is  a  Difierencc  of  1/ .  30''.  between 
the  Obliquity  of  Ptoleny  and  that  of  Arzacbel 

At  Maraga  the  moft  noble  Per/tan  Cbojab  Nqfiroddinus  Tu/enfis^  A.  D. 
1629.  of  the  Hegira  668.  (but  Grav*  p.  44.  1261.  Hegir.  660)  obferved  the 
Obliquity  moft  accurately^  and  found  it  23^  .  30' .  00". 

This  is  the  leaft  of  the  Sun*s  greateft  Declinations,  that  has  been  found  to 
this  Day,  fays  the  very  learned  Commentator  upon  the  Aftronomical  Works 
cf  Hofein  Ntfaburienfis. 

Ebn  Sbatir  Damafcenusy  MS.  Seld.  A.  D.  1363.  fays  that  he  correftcd  the 
Obliquity,  not  neglefting  the  Sun*s  Horizontal  Parallax,  which  was  found 
2** .  59'.    Hence  the  Sun's  greateft  Declination,  23**  -Si'*  00". 

Olocbegus  the  Prince,  A.  D.  1437.  ^^S^^-  ^4''  with^f//  Cujhgius  and  other 
Aftronomers,  with  very  great  Care  and  tlie  largeft  Inftruments,  (fee  Graves^ 
p.  44.;  found  the  Obliquity  23* .  30'.  17".  So  MSS.  QpU.  St.  John  and  ot 
che  Savilian  Library.    For  Selden^s  Manufcript  makes  it  23° .  30'  .27"* 

*  Rabbi 


Rabhi  Moyfes  Btn  Maimofty  the  moft  learned  of  the  jfewsy  fays  in  J  ad. 
de  Confecratione  Calendarum,  c.  uU.  feS.  4.  that  the  greatcft  Obliquity  of  the 
Zodiac,  A,  D.  ii74»  was  23°  .  30',  very  near. 

I  maft  Jet  you  know,  that  I  have  confulted  (carce  half  of  the  Oriental 
Aftronomers,  whofe  Writings  are  preferved  in  the  Libraries  of  the  Univer- 
iity  of  Oxford.  But  from  thefe  Obfervations,  and  fome  others  which  I  keep 
to  myfelf  from  the  Vulgar,  I  conclude,  that  the  Obliquity  of  the  Zodiac 
has  always  been  the  fame  from  the  beginning  of  the  World.  For  the  latter 
Ages,  as  you  may  perceive,  by  the  Afliftance  of  better  Inftruraents,  have 
truly  correfted  the  Error  and  Excefs  of  the  antient  Aftronomy. 

2.  Whether  the  Poles  and  Axis  of  the  Earth  be  really  fixed  in  the  Gk)be,  rbe  ahtifuity  ef 
or  fubjeft  to  be  transferred  from  Place  to  Place,  is  an  old  Enquiry,,  though  %'i^'JI^^%^ 
now  lately  revived  by  Mr.  Hook^  in  his  ingenious  Eflays  upon  the  great  Po/*  «i//«L  ««. 

Mutations  and  Cataftrophes  which,  in  all  appearance,  have  happened  to  thef'f'^»  ^ 

Earth'i  Surface.  A  neceflary  Conftquence  of  fuch  a  Tranflation  ot  the  Pales  Nov.  An.  1687. 
wouki  be  the  Change  of  the  Latitudes  of  Places,  which  would  increafe  in^  ^^o-^-^^^r 
thofe  Regions  towards  which  the  Poles  approach,  and  decreafe  in  thofe 
from  which  they  recede :  and  under  the  Meridian,  90  Degrees  removed  from, 
*that  in  which  the  Poles  ftiift,  the  Latitudes  continuing  the  fame,  the  Meri- 
dian Line  would  only  alter ;  but  not  two  Places  confiderably  differing  ia 
Longitude  can  be  fuppofed,  wherein^  if  there  be  any  fenfible  Motion  of  the 
Poles,  it  ihall  not  be  perceived  by  tht  Alteration  of  the  Latitude  of  one  oc 
both  of  them. 

The  accurate  M.  Wurtzelhaur  has  lately  furnlfhed  us  with  the  Means  of 
examining  this  Hypothefis  by  Obfervatioh,  having  fent  us  the  Meridian  Al-> 
titude  of  the  Sun  taken  'at  Nuremberg  about  the  two  Solftices  in  the  Year 
1686.  June  10,  he  found  the  Meridian  Altitude  of  the  Sun  64.°  2'  20',  and 
the  next  Day  64**  2'  25".  And  on  Decemb.  14.  (three  Days  after  the  Solftice,. 
wherein  the  Sun  was  got  two  Minutes  higher)  he  found  the  Meridian  Alti- 
tude 17^  9;  lb",  wherefore  the  folftitial  Altitude  was  17°  7'  10",  Thefe 
Heights  were  taken  by  an  InftrumenC  of  6  Foot  Radius  of  Brafs  j,  and  the 
Skill  and  Diligence  of  the  Obferver  is -not  to  be  doubted. 

To  compare  with  thefe,  I  find  among  Bernard  ff^altber^%  Obfervations,, 
made  in  the  fame  City  oi  Nuremberg  two  hundred  Years  before,  viz.  in  the  '  . 
Year  1487.  that  the  Meridian  Altitude  of  the  Sun  in  the  Summer  Solftice  was 
obferved  by  the  parallaftick  Inftrument  of  Ptolemy^  whereby  the  Chord  of 
the  Sun*s  Diftance  from  the  Zenith  was  obferved  44890  Parts  of  106000  Ra- 
dius; the  lame  being  obferved  by  the  Concurrence  of  the  Obferva.tions  of 
feveral  Years  both  before  and  after.  The  Arch  anfwerihg  to  this  Chord  gives 
the  Sun's  Diftance  from  the  Zenith  25°  ^&  30",  and  confequently  the  Me- 
ridian Altitude^  its  Complement  tb  a  Quadrant,  64°  3'  30".  Again,  the 
fame  Year  1487,  the  Chord  of  the  Meridian  Diftance  of  the  Suri  from  the 
Zenith,  on  the  Day  of  the  Winter  Solftice,  was  found  118790,  confirmed 
likewife  by  many  fubfequent  Obfervations ;  the  Arch  anfwering  to  this  Chord 
is  72''  52'  40".  and  its  Complement  ly"*  f  %d\  the  Meridian  Height  of 
the  Sun  in  the  Winter  Solftice. 

Hence 


(  »  t<J4  ) 

Hence  it  appears.  That  the  Solftitial  Heights  were  very  nearly  the  iarrtc 
at  Nufemherg  200  Years  ago  as  now  they  are ;  that  of  the  Summer  Solftice 
being  but  one  Minute  differing,  the  other  only  10';  both  which  may  poffi- 
bly  ^rife  from  the  Defedts  of  the  Inftruments  of  thefe  Obfervers,  being  made 
wUh  Plane  Sights :  But  what  I  ftiall  neceffarily  conclude  from  hence,  is. 
That  if  there  be  fuch  a  Motion  of  the  Poles,  it  is  either  very  flow,  or  elfe 
nearly  at  Right  Angles  to  the  Meridian  o^  Nuremberg  \  in  which  latter  cafe, 
the  Latitudes  of  Places  about  Tunking^  Siam^  Malacca^  and  Java^  on  the 
one  Side,  and  in  our  American  Plantations  of  New-England^  Virginia^  Ja^ 
fHaica^  &c.  on  the  other,  ought  to  change  fafteft :  But  I  have  never  yet 
heard  of  any  fuch  thing  obferved  by  any  of  our  Navigators ;  whence,  if  there 
be  fuch  a  Change  of  the  Earth's  Poles,  it  muft  neceflarily  require  a  long 
time  to  become  lenfible. 

Befides,  from  thefe  Obfervations,  it  appears,  Th^t  the  Obliquity  of  the 
Ecliptick  has  continued  unaltered  for  thefe  200  Years  laft  paft  •,  that  is  tolay^ 
that  the  Angle  which  the  Earth's  Axis  makes  with  the  Plane  of  the  Eclip- 
tick  or  Orb  wherein  (he  moves  annually  round  the  Sun,  has  been  without 
fcnfible  Change  in  all  that  Time  \  which  will  be  very  hard  to  conceive,  if  we 
allow  a  Tranflation  of  the  Earth's  Poles  ;  for  the  Dire<5lion  of  the  Axis  being 
perfeftly  at  Liberty,  it  muft  be  purely  cafual,  if  it  fo  hit,  that  after  fuch 
Change,  it  make  the  fame  Angle  with  the  Ecliptick  as  before. 

A  farther  Argument  of  this  Slown^fs  of  the  Change  of  the  Poles,  is  the 
Latitude  of  Alexandria,  the  Habitation  of  thofe  famous  Aftronomers  of  An* 
tiquity,  Era:oSfhenes,  Timocbaris,  Hipparcbus^  2Lnd  Piolerxyy  and  for  that 
Reafon  it  may  be  concluded,  that  this,  of  all  the  Latitudes  the  Ancients  have 
left  us,  ought  to  be  one  of  the  moft  Cof  reft.  This  by  Ptolemy  is  faid  to  be 
30^  58'  North,  (which  he  ufes  in  all  his  Computations  in  his  Almagifl^  and 
feems  derived  from  the  Proportion  of  the  Gnomon  to  its  Equinoftial  Shadow, 
as  5  to  3,  but  in  his  Geography,  31°  juft.)  In  the  Year  1638,  the  curious  and 
ingenious  Mr.  Graves,  when  he  went  to  vifit  t\it  Egyptian  Pyramids,  of  which 
he  has  given  fo  good  an  Account,  did.  With  a  fufficieht  Inftrument,  obferve 
the  Latitude  oi  Alexandria,  ind  found  it  31**  4  or  6  Minutes  more  than  It 
is  reputed  by  Ptolemy,  and  before  him  by  Eratojlbenes  5  io  that  in  about 
!20oo  Years,  the  Latitude  of  Alexandria  has  altered  only  a  few  Minutes ;  and 
fo  few,  that  the  Accuracy  of  the  Obfervations  of  the  Ancients  may  well  be 
queftioned  t  But,  both  being  granted,  this  Motion  will  amount  to  no  more 
than  a  Degree  in  20O00  Years, 

This  is  not  faid  with  intent  to  invalidate  what  Mr.  Hook  hath  from  (b 
good  Grounds  lidVanced,  viz.  That  the  Ball  of  the  Earth,  at  leaft  the  Fluids 
thereof,  being  neceltarily  of  the  Figure  of  a  Spheroides  prolatus,  or  flat  Oval, 
whofe  Ihortefl:  Diameter  is  the  Axis,  and  greateft  Circle  the  EquinoAial ;  if 
the  Poles  be  fuppofed  changed,  the  Equinodial  will  be  fo  too ;  and  confe- 
quently  the  Water  muft  rife  and  cover  thofe  Parts  from  which  the  Poles  re- 
cede, and  fall  off  and  leave  bare  thofe  Places  towards  which  the  Poles  ap* 
proach.  By  this  Means  it  may  be  accounted  for,  how  fuch  ftrange  Marine 
things  arc  found  on  the  Tops  of  Hills,  and  fo  deep  under  Ground  5  and  fcarcc 

any 
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any  odier  Way,  But  from -thefe,  and  the  like  Obfcrvadons,  it  will  fbH&Wr 
That  if  'thete  Inundations  are  produced  by  any  re^lar  Motion  of  the  P6les, 
It  Would  require  a  prodigious  number  of  Ages  to  efFeft  the  Changes  we  ni^af 
be  certain  have  been.  Befides,  if  the  Accefs  and  Recefs  of  the  Sea  were  afer 
fuch  a  gradual  manner,  as  wlien  produced  by  fuch  an  eafy  TranQation  of  the 
Poles,  as  can  by  Obfervatioh  be  admitted,  tnofe  Inundations  could  never  be 
fatal  to  the  Inhabitants  ;  for  that  they  would  always  give  notice  of  their  coming. 
To  that  the  People  might  provide  for  their  Safety.  But  the  Hofy  Scrip* 
iures^  and  Pagan  Tradition,  do  unanimoufly  agree,  lliat  the  laft  great  Dfr 
h^e  was  brought  to  pafs  in  a  few  Days,  with  no  previous  Notice  v  fo  that  the 
Account  we  have  thereof,  could  not^  by  this  tlypoibefis^  be  made  out,  without 
the  Suppofition  of  a  great  and  fwdden  Alteration  in  the  Poles  of  the  EaVth's 
Diumd  Revolution :  For  which,  whether  we  ihould  have  recoorfe  to  the  inteU 
ligait  Powers,  that  firft  imprefsM  this  whirlinjg  Motion  on  the  Ball,  or  lekva 
it  to  be  performed  naturally,  by  the  cafual  Shock  of  fome  tranfient  Body^ 
fuch  as  a  Comet,  or  the  like,  whereby  the  former  Axis  might  be  Joft,  and  a 
New  It^evolution  produced^  differing  both  in  Time  and  Pofition  ffdnl  tfafe 
Old ;  I  (hafl  hot  undertake  to  difpute :  Such  a  Suppofiaan  would  include  Uker 
wile  a  Change  of  the  Length  or  the  Ye^.,  and  Eccentricity  of  the  Earth's 
Orb ;  for  which  we  have  no  fort  of  Authority, 

i.  As  i  was  wondering  ho^  an  ordinary  Mathematician  could  mlfs  ibeafy  ^{^^£' 
a  thing  as  tlie  drawing  a  true  Meridian^  fo  f^  as  intbe  infttiSice  df  :|lK;.t}ldi?(lwi^  iia^i 
Mendiah  m  the  Church  df  ^t.  Pciromo  in  ha'nma^  ^ch  is  found  by -M.  Cb/-  §   '"'  -^^  ; 
fin  fo  vaiy  S  or  9  t^egrees  from  the  mie  Meridian  of  the  l^lace  i  aid  in  thit  Jiw.  ab.  1699! 
pf  Ae  Meridian  ^f  VranHmrge^  which  is  found  by  M-  Pifor^  and  odiers^  to 
vaiy  iS';  I  hit  upon  tliis  Thought!  that  Meridians  miiji  needs  Varj^.     f'oi 
you  know,  th^  (takink  it  for  granted  that  the  £arth  moyes^  (>fr.)  befides  the 
Diiifnal  and  Annual  Revolutions,  there  nluft  be  aifo  a  third  to  account  for 
dMt  flew  Motkm  of  die  \F'bced  Stars  upon  the  Pole  of  the  Eclipodi,  in 
aBbiic  25660  Years  •,  which  is  fohred  by  the  Diredion  of  the  Earth's  Atta 
fmrn  one  I'bint  to  another  of  the  |)olsu:  Circle.    And  that  Direifbidn  being 
aothin||  but  a  certain  V/abble  in  the  £arth*s  Modoh,  muft  needs  make  the 
Noon-made  of  a  t^erpendicular  not  lie  always  in  the  famfe  Line. 

2.  'this  beiijfe  a  new  SuggeftioriL  defervcs  to  be  confidered  :  For  it  is  no^g^-^^^f^^r 
probalile  that  '(o  careful  a  Nnn  as  iycbo^  and  ihofe  concerned  in  the  Church. /Ji.  /2V 
61  St.  Petr$niOj  ihoufd  lot  fo  much  miftaken  in  the  Meridian  Line.  But  if 
lEere  be  ought  of  this  Nature,  it  muft  arife  froni  a  Change  of  the  Terreftrial 
ladles  (here  oh  HartK)  of  the  Earth's  Diurnal  Motion  %  (not  of  their  point- 
ir  g.  K>  this  or  that  of  the  Fixed  Stars :)  For  if  the  Poles  of  this  Diurhal  Mo- 
ti  »n  remah  i^xed  to  the  fame  (^ace  on  the  Earth,  the  Meridians^  (which  pafs 
tiro'  thefe  Pole»)muft  remain  the  lame* 


had  the  good  hap  to  meafure  the  t)ifl?ances  of  Mars  from  The  Psrau^:,  $f 
Night  i  whereby  I  find,  that  his  Parallax  \^s.vefy  frtialU  ^Yamfteld^ 


XVnt  I  have  had 
t\  fo  Stars  the  fame      ^    -  ^  .  ,  ........v^. 

eijtainly  not  30'* :  So^that  I  believe  the  Sun's  Parallax  is  not  more  than  10''.  n  89. 7-  15'f 

*  ^  Nov.  An.  1671. 

^_  N.  96.  •.  6loo. 
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In  ^e"1  tJTht     ^^*  ^*  '"^y  perhaps  pafs  for  a  Paradox,  if  I  fhould  aflcrt,  That  it  is  zu 
Tr^Lt  Sxm!  eafier  Matter  to  be  aflured  of  the  Moments  of  the  Tropicks,  or  of  the  Times 
h  ||^»-  Edmun<^Qf  the  Siui's  Entrance  into  Cancer  and  Capricorn^  than  it  is  to  obferve  the  true 
N*»75.  p,  i».  Times  of  the  Equinoftials  orlngrefs  into  ^ries  and  Liira.     But  I  here  defiga 
F€b.  jtn.  J695*  to  Ihew  a  Method  to  find  the  Moment  of  the  Tropicks^  capable  of  all  the  Ex- 
aftnefs  the  moft  accurate  can  delire ;  and  that  without  any  Confideration  of 
the  Parallax  of  the  Sun,  of  the  Refraftions  of  the  Air,  of  the  greateft  Obli- 
quity of  the  Eciiptick,  or  Latitude  of  the  Place  -,  all  which  are  required  to  al- 
certain  the  Times  of  the  Equinoftial,  from  Obfervation ;  and  which,  being 
faultily  affumed,  have  occafioned  an  Error  of  near  three  Hours  in  the  Times 
of  the  Equinoftials  deduced  from  the  Tables  of  the  Noble  Tycho  Brake  and 
Kepkr^  the  Vernal  being  fo  much  later,  and  the  Autumnal  fo  much  earlier    ' 
than  by  the  Calculus  of  thefe  famous  Authors. 

•  Now  before  we  proceed,  it  will  be  neceflary  to  premifc  the  following  Lem-^ 
tnata^  ferving  to  demonftrate  this  Method  ;  vi%. 

1.  That  the  Motion  of  the  Sun  in  the  Eciiptick,  about  the  Time  of  the 
^ropicks^  is  To  nearly  equable,  that  the  Difference  from  Equality  is  not  fenli- 
ble,  froni  5  Days  before  the  Tropick  to  5  Days  after,  by  reafon  of  the  ncar- 
nefs  of  the  Apogaon  of  the  Sun  to  the  Tropick  of  Cancer. 

2.  That  for  5  Deg.  before  and  after  the  Tropicks,  the  Differences  whereby 
'.  /          the  Sun  falls  ftiort  of  the  Tropicks,  are  as  the  Verfed  Sines  of  the  Sun's  EK- 

ftance  in  Longitude  from  the  Tropicks ;  which  Verfed  Sines  in  Arches  under 
.5  Degrees,  are  beyond  the  utmoft  Nicety  .of  Senfe,  as  the  Squares  of  thofe 
!.    .  :^         Arches.     From  thefe  two  follows  a  third  -, 

»  3.  That  for  5  Days  before  and  after  the  Tropicks,  the  Declination  of  the 
•Sun  falls  Ihort  of  the  utmoft  Tropical  Declination,  by  Spaces  which  are  in 
D»^/fW(f  Proportion,  or  as 'the  Squares  of  the  Times  by  which  the  Sun  is 
wanting  of,  of  paft,  the  Moment  of  the  Tropick. 

.  Hence  it  is  evidtat.  That  if  the  Shadows  of  the  Sun,  either  in  the  Me- 
ridian, or  any  other  Azimuth,  be  carefully  obferved  about  the  time  of  the  Tro* 
picks,  the  Spaces  whereby  the  tropical  Shade  falls  ftiort  of,  or  exceeds,  thofe 
at  other  times,  are  always  proportionable  to  the  Squares  of  the  Intervals  of 
Time  between  thofe  Oblervations  and  the  true  Time  of  the  Tropick ;  and  con- 
fcqucntly  if  the  Line,  on  which  the  Limits  of  the  Shade  is  taken,  be  made  the 
Axis,  and  the  correfpondent  Times  from  the  Tropick,  Expounded  by  Lines, 
be  erefted  on  their  refpeftive  Points  in  the  Axis  as  Ordinates,  the  Extremities 
of  thofe  Lines  fhall  touch  the  Curve  of  a  Parabola.  Thus,  a^  *,  r,  ^,  being 
«i.  124*  fuppofed  Points  obferved,  the  Lines  ^B,  ^C,  rA,  ^F,  arc  refpeftively  pro- 
portional to  the  Times  of  each  Obfervation  before  or  ^r  the  tropical  Mo- 
ment in  Cancer. 

This  premifed,  we  Ihall  be  able  to  bring  the  Problem  of  finding  the  true 
Time  of  tlie  Tt-opic  by  three  Obfervations,  to  this  Geometrical  one :  Ha^ 
ving  three  Points  in  a  Parabola,  A,  B,  C,  or  A,  F,  C,  given^  together  with 
th^  Direaion  of  the  Axis  j  to  find  the  Diftance  of  thofe  Points  from  the  Axis. 

OF 
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Of  this  there  are  two  Cafes;  the  one,  when  the  Time  of  the  fccond  Obferva- 
tion  B  is  precifely  in  the  Middle  between  A  and  C :  In  this  Cafe,  putting  / 
for  the  whole  Time  between  A  and  C,  we  (hall  have  A  f,  the  Interval  of  the 
remoteft  Obfervation  A,  from  the  Tropick,  by  the  foUov/ing  Analogy. 

As  lac —  be  to  2  ac  —  \bcy  fo  is  7  /i  or  A  E,  to  A  ^,  the  Time  of  the 
remoteft  Obfervation  A,  from  theTropick. 

But  the  other  Cafe,  when  the  middle  Obfervation  is  not  exaftly  in  the 
Middle  between  the  other  two  Times,  as  at  F,  is  fomething  more  opcrofe». 
and  the  whole  Time  from  A  to  C,  being  put  =  /,  and  from  A  co  F>  =  j, 

r ^  =  r,  and ^ ^  =  *,  the  Theorem  will  ftand  thus,  ^/^  —  ^^^  =  A r  the 

2 / c —  2^X 
Time  fought. 

To  illuftrate  this  Method  of  Calculation,  it  may,  perhaps,  be  requifite  to 
give  you  one  or  two  Examples. 

Am.  1500.  Bernard  fFaUer J  in  the  Month  oijune^  Bt  Nuremberg^' ohferv^d 
the  Chord  of  the  Diftance  of  the  Sun  from  the  Zenith,  by  a  large  Pio^al- 
laBiek  Inftrument  of  Piolemj^j  as  follows ; 


June    2.  45467.   1  r   June    8.  44975. 

June    9.  44934.    S*    and  <    June  12.  448^3- 
June  16.  44990.   J  i  June  15.  44990. 


In  both  thefc  Cafes  the  middle  Term  is  exactly  in  the  middle  between  the 
Extremes,  and  therefore  in  the  former  three,  ac  :=:  533,  be  z=z  477,  and  /, 
the  Time  between,  behig  14  Days,  by  the  firft  Rule,  the  Time  of  the  Tro- 
pick  will  be  found  by  this  Proportion  -,  as  589  to  827t,  fo  ^  /,  or  7  Days,  to 
9  Days,  20**.  2'.  Whence  the  Tropick,  -^».  1500.  is  concluded  to  have  fallen . 
Jtme  II.  20^  2'.  In  the  latter  three  tf  ^  is  =  107,  and  be  :=z  15,  and  the 
whole  Interval  of  Time  is  8  Days  =  /  •,  whence,  as  199  to  206 1,  fo  is  4 
Days  to  4^  3^  37'>  which,  taken  from  the  i6th  Day  at  Noon,  leaves  II^ 
2o\  23'.  for  the  Time  of  the  Tropick,  agreeing  with  the  former  to  the  third 
Part  of  an  Hour. 

•  *i 

Again;  jinn.  1636.  Gajfendus  2lV  Marfeilles  obferved  the  Summer  Solftice  • 
by  a  Gnomon  of  55  Feet  nigh,  in  order  to  determine  the  Proportion  of  the  ♦ 
Gnomon  to  the  Solftitial  Sh^e,  and  he  hath  left  us  thefe  Obfervations,  which 
may  ferve  for  an  Example  for  the  Secpnd  Rule. 

June 

Shadow  -^^'7^^VParts,  whereof  the  Gnomon  was  89428. 


22J 
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Thefc  Vmg  divide^  into  two  Setts,  of  three  ObfijnrjidpnSj  each^  tjiz.  The  * 
19th,  20th,  and  22d,  and  the  19th,  21ft,  apd  22d,  we  fhall  have  in  the  fiffl;  ^' 
three,  e  =  13,  and  ^  =  7,  '  =  3  Days,  J  —  i  ;  and  in  the  fpcond,  cm  • 
15,  and  ^  ==  7,  ^  =  3»  and  J  =  2.  Whence,  according  to  the  Rule,  the  ■, 
19th  Day  at  Noon  the  Sun  wanted  of  the  Tropick  a  Time  prooortjon^te  to  ^' 
oneDay,  as//r  —  ssbxoitc  —  ibsr,  that  is,  as  100  to  64  in  tjic  firft  Sett,,  • 
or  105  to  62  in  the  fecond  Sett ;  that  is,  i^  17*".  i^.  in  the  firft,  or  i^.  17*.  ' 
25'.  in  the  fecond  Sett :  So  that  we  may  conclude  the  Monient  of  the  Tro-  - 
pick  to  have  been  June  10*.  17**.  20'.  in  tjie  Meridian  of  MarJtdUs. 

Now  that  thcfe  two  Tropical  Times  thus  obtained,  wilj  be  found  to  con- 
firm e^h  other's  Exafltnefs  froin  their  ne^  Agreement,  appears  by  th^  Inter- 
val of  Time  between  them,  viz.  i^  2**.  30'.  lefs  than  136  Julian  Years* 
whereof  i*.  i*".  8'.  arifes  from  the  Def^ft  qf  th?  length  of  the  Tropical 
Year  from  the  Julian^  aod^  the  reft  from  the  Progreffion  of  the  Sun*s  Ap^aw 
in  that  Time  ;  fo  that  no  two  Obfervations  made  by  the  fame  Obferver  in  the 
fame  Place  can  better  anfwer  each  other,  v^d  that  without  any  the  leaft  Ar- 
tifice or  Force  in  the  NIanagemenc  of  then]. 

What  \itxt,  the  Methods  ufcd  Iw  the  AnpJepts  to  CQnqlu4e  the  Hour  of  the 
Tropicks,  Ptolemy  has  no  where  deliver*d  ;  but  it  were  to  have  been  wilhed 
that  they  had  been  aware  of  this,  that  fo  we  might  have  be^jj  more  certain 
of  the  Moments  of  theTropicks  wp  have  rciceived  from  them  \  which  would 
have  been  of  Angular  Ufe  to  determine  the  Queftion,  Whef her  the  Sun's 
Apogaon  be  fixed  in  the  Starry  Heaven ;  or,  if  it  move.  What  is  the  true 
Motion  thereof .?  It  is  certain,  that  if  we  takg  the  AccoynX  of  Ptolftny^  t|ie 
Tropick  faid  to  be  obferved.by  EuSemon  aod  Metpn^  J  unit  27  Mane^  Am. 
432.  ante  Chriftum^  can  no  ways  be  recopciled,  without  fuppofing  the  Ob- 
fervation  made  the  next  Day,  or  June  28  in  the  Mo;mJng.,  Aj^d  Ptolewfz 
own  Tropick,  obferved  in  the  3d  Year  of  Antpnims^  Ann.  CbrJji.  140.  was 
certainly  on  the  23d,  and  not  on  the  24th. Day  of  Jme^  as, will  appear  to 
thofe  that  ffiall  duly  confider  and  compare  theni  with  the  Length  of  the  Year 
deduced  from  the  diligent  and  concordant  Obfervations  of  thofe  twoffl^at 
Aftrpnomical  Genii,  Hirparchus  and  Alh^tm ;  eft^biifhed  aod  confirnjed  by 
the  Concurrenceof  all  the  Modern.  Accuracy.  For  the  Obfervationt  give 
the  Length  of  the  Tropical  Year,  fuch  as  to  anticipate  the  Jtdian  Account 
•nly  one  Day  in  300  Y?ars  -,  but  we  are  now  fe;cuj:e,  thj^t  the  faid  Period,  of 
the  Sun*s  Revolution  does  anticipate  very  ncai:ly  3  Days  in  400  Years ;  fo 
that  the  Tables  of  Ptolemy^  founded  or)  i:hat  Suppofition,  do  err  about  a 
whole  Day  in  the  Sun*s  Race  for  ey^ry  240  Ycajfs.  Which  principal  Er- 
ror in  fo  fundamental  a  Point,  does  vitiate  the  whole  Superftrufture  of 
the  Almagejtj  and  ferves  to  conviff  its  Author  of  watij  of  Diligence^  or  Fidelity^ 
or  both. 

B^t  to  rQtujrn  to  our  Method  :  The  gr^a^  Advapt^  Wj§  have,  hereby,  is. 
That  any  very  high  Building  ferves  ifor  an  fnftrunjent,  or  the  Top  of  any 
high  Tower  or  Steeple,  or  even  any  high  Wall  whatfoevcr,  that  may  be  fut- 
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fipienfr  to  JnttttpeDC  the  Sun^  and  caft  a  true  Shade^  and  make  the  Spaces  large 
and  fair;  thougn  the  Heighth  and  Diftance  ot  the  Building,  and  Pofitionof 
i^e  Plane  upon  which  you  receive  the  Shade,  and  of  the  Line  on  which 
you  me^ure  the  Spaces,  be  not  exadly  known.  But  it  is  convenient  that 
the  Plane  on  which  you  take  the  Shade  be  not  far  fVom  perpendicular  to  the 
Sim»  at  leaft  not  very  oblique,  and  that  the  Wall  which  cafts  the  Shade,  be 
fircight  and  finooth  at  the  Top,  and  its  Dirjefition  nearly  Eaft  and  Weft. 
The  principal  Qbjc6tion  is.  That  the  Penumbra^  or  Partile  Shade  of  the  Sun, 
is,  in  its  Extremes,  very  difficult  to  diftinguilh  from  the  true  Shade ;  which  wUl 
render  this  Obfervatiqn  hard  to  determine  nicely.  But  if  the  Sun  be  tranf- 
mitted  through  a  Tefcfcope,  after  the  Manner  ufed  to  take  his  Species  in  a 
Solar  Eclipfe^  and  the  upper  Half  of  the  Objeft-Glafs  be  cut  off  by  a  Paper 
pafted  thereon,  and  the  exadl  upper  Limb  of  the  Sun  be  feen  juft  emerging 
oyt  of  it,  or  rather  continging  the  Species  of  the  Wall,  (the  Pofition  of  the 
Teleipope  being  regulated  by  a  fine  Hair  extended  in  the  Focus  of  the  Eye- 
Glaft)!  api  aflared*  that  the  Limit  of  the  Sh^de  may  be  obtained  to  the  ut- 
ipoftclx^&iefs.  Ilhall  only  further  advertife.  That  the  Winter  Tropick  by^ 
this  Method  may  be  more  certainly  obtained  than  the  Summer's ;  by  rea- 
fon  that  the  fame  Gnomon  does  afford  a  much  larger  Radius  for  this  manner 
^tfObferv^tion, 

XXt  I  have  found  it  neceflf^  tp  make  new  Solar  Numbers,  becaufeinTw  su^nnm- 
rsxf  old  I  h^vc  neg^eded  to  apply  Refra6lions  in  all  the  Altitudes  above  ^iTjfFUm. 
39  Degrees ;.  wherein  yet  Reafon  and  fome  little  Experience  hath  ihewedft««». 
nic,  they^  are  not  in/enCble.  I  found  S.  Caffinf^  Obfervations,  which  I  jln' An^i 
tocJt  froaa  Biwolus  bi^  ySjirommia  Ref.rmata^  much  more  accurate  than  ' 
^(i^s,  and  therefore  fought  out  Numbers  that  might  anfwer  them.  The 
4pogaum  I  found  it  neceflary  to  promote  44  Minutes  \  To  that  Amo 
Ifieuntji  x^sSj^  it  might  be  in  57.  30.  00.  and  to  make  the  greateft  Equa- 
tion only  I*.  54'.  1^".  whereby  I  found  the  Phanomem  would  be  anfwered 
n^uch  more  accurately  than  I  expe&cd,  and  as  near,  all  things  confidered, 
as  I  could  defire, 

Biut  ftill  I  was  uncertain^  whet^or  thp  Refraftions  in  the  faid  Cajff$ni*% 
Tables  were  juft  Meafures  or  not,  and  I  had  no  Conveniencies  for  mak- 
ing Trial.      At  laft  I  though  pn   this  Expedient,   which  futiy  fatisfied 

I  confidered.  That  if  fome  of  thofe  Obfervations  of  the  Diftances  of  2 
from,  the  ©by  Day,  and  from  the  Stars  in  the  Night  preceding  or  follow- 
ing, weire  ifkiwily  examined,  they  might  (hew  me  the  true  Quantity  of 
the  Equ^tiow  oi:!tj[*e  SiwV  Orb,  or  ratheir  the  Difference  of  his  Mean  and 
Equal  Motion.  I  turned  ovejr .  hi&  Pro^ymrMfmata^  and  pitched  on  two : 
Tbefitft  ux^i^Am.  .I5?5,  March  5-  4\  4a'.  and  f.  i2\  pojl  Meridiem: 
whereby  }  found  the  0  at  j^\  42'.  was  94*"-  47'-  in  the  Antecedence  of  the 
l4iciM  Calcis  u  v.  the.  fecoi^,  rnade  Jnft.  1585,  Siptembir  15.  5^  15'. 
and  6\   5^.    Mane.     "Where-ifrom   0»pplying   and    confidcring    the  Re- 
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fraftions  in  both)  1  found  the  Sun  at  S\  ^s*"-  to  be  74*.  30'.  in  Confc- 
Guence  of  the.  Lower  Head  of  n.  The  Difference  of  Longitude  betwixt 
thefe  two  Stars  is  17*.  59':  And  therefore,  now  the  Sun,  in  Confequencc 
of  the  Ludda  Calcis  n.  92^  29'.  So  that  the  Sun*s  apparent  Motion  be- 
twixt the  Year  158^.  Mar.  5.  4\  42'.  and  the  Year  1585.  Seftemb.  15,  6\ 
e,^'.  Maney  (befides  the  whole  Revolutions)  was  187^.  16'.  but  the  Mean  Mo- 
tion is  191°.  2\  greater  than  the  Apparent  by  3^  46'.  which  parted  in  pro- 
portion to  the  Equation  of  the  Earth*s  Motion,  colle6ted  for  thofe  Times 
from  my  New  Tables,  gives  the  greateft  Equation  of  the  Orb,  i^.  54'.  15^. 
confenting,  to  my  wonder,  without  any  wrefting  of  the  Obfcrv2(tions,  with 
tliat,  which  I  deduced  from  Cajini's  correct  Meridional  Altitudes. 

The  Sun's  Motion,  by  the  Tables  which  I  now  ufe,  grounded  on  this  E- 
quation,  is  lefs  than  Tycho*s  by  no  lefs  than  9.  That  great  Equation  made  him 
commit  no  fmall  Errors,  and  put  him  upon  ftrange  Shifts  to  hide  and  folvc 
them.  So  that  all  his  Obfervations  of  the  Planets  in  their  Oppofitions  to  the 
Sun  are  to  be  correfted  before  we  attempt  to  reprefent  them  by  Numbers  5 
for  his  Errors  in  the  Sun*s  Place  made  him  err  fometimes  5  or  6  Hours  in  the 
Time  of  the  Oppofition  -,  which  muft  be  reformed. 

The  E^nsb'ty  rf      XXI.  There  is  ftUl  no  fmall  Difagreement  among  Aftronomers,  how  great 
^''"^'•//^l^'*   the  Profthaphaerefis  is  in  equating  Time ;    fo  that  Longcmmanus  confefles, 
Pf^ffor  •/ Afl^  that  he  has  found  no  greater  difficulty  in  all  his  Aflronomical  Labours :  Which 
t^a^!^*  ^     when  I  took  notice  of,   I  confidered  in  fome  Obfervations  of  the  Heavens 
N.  118.  p.  426.  made  by  me,  what  might  be  the  refult.    And  having  a  very  cxadt  Pendulum 
CA.  Aa.  1676,  Clock,  with  a  Meridian  Line  artificially  contrived,   I  obfcrved  the  Sun's 
Tranfit  over  the  Meridian  every  Day,  with  which  my  Clock  agreed  exactly, 
and  if  at  any  time  it  difagreed,  it  very  feldom  difagreed  two  Minutes,  which 
I  redlrfied  when  there  was  occafion.     So  that  perfifting  for  three  Years,  and 
duly  obferving  the  Sun  in  the  Meridian,  whenever  it  could  be  done,  (which 
in  this  part  of  the  World  is  very  often,)  I  was  fatisfied  at  laft,  that  no  natural 
Day,  at  this  or  that  Seafon  of  the  Year,  had  a  longer  Revolution  than  another 
Day  -,  whence  I  can  boldly  pronounce,  that  all  natural  Days  are  equal,  and 
that  if  there  ftiould  be  any  minute  Difference  among  them,  it  is  quite  infcnfi- 
ble.    This  I  was  willing  to  make  known,  that  I  might  releafe  Aftronomers 
from  this  Scruple,  which  has  perplexed  fo  many,  and  ftill  perplexes  them 
every  Day ;  though  the  Equation  of  Tycbo^  becaufe  of  the  Obliquity  of  the 
Ecliptick,  muft  not  be  rejefted. 
RefuteJi  hy  Mr.     2.  How  Natural  Days  can  be  equal,  and  yet  Tycbo^s  Equation  be  admitted, 
•.'Tjo^^**  *'^  ^  confefs  Lcannot  comprehend.     For  becaufe  of  the  unequal  Right  Afcenfions 
of  equal  Parts  t>f  the  Ecliptick,  one  Equinoftial  Day  will  be  fliorter  than  a 
Tropical  Day,  by  40  Seconds  of  an  Hour ;  and  14  Tropical  Days  are  longer 
than  fo  many  Equinoftial  ones  by  the  fixth  Part  of  an  Hour,  or  ten  Minutes. 
But  this  Difference  I  think  muft  be  greater  than  that  the  Profeffor  of  Seville 
Ihould  not  perceive  it  in  his  Obfervations  j  and  therefore  in  examining  them, 
I  imagine  he  admitted  Tyihc'h  Equation,  • 

Now 
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Now  if  we  fuppoTe  that  the  Revolutions  of  the  Primum  Mdhilc  are  all 
qual,  (which  was  never  denied  by  any  that  received  the  PtokmaickHypotbefisj) 
it  will  however  neceflary  follow,  that  the  Equation  of  Time  is  not  to  be  re- , 
jededy  which  proceeds  from  the  unequal  Motion  of  the  Sun  in  his  Orbit ;  for 
whereas  the  Apogee  advances  daily  only  57'.  10".  but  the  Perigee  61'.  15"; 
the  Apogee  will  return  fooner  by  16"  (or  in  the  Time  in  which  the  Primum 
Mobile  revolves  4'.  5''.)  from  Noon  to  the  Noon  of  the  Day  following,  than 
the  Perigee  can.  Yet  fometimes  the  Equation  proceeding  from  this  Caufc 
admits  of  a  flower  daily  increafe,  that  is,  8"  daily  at  moft  when  it  is  fwifteft, 
and  in  15  Days  it  hardly  amounts  to  the  Quantity  of  two  Scruples,  which  I 
believe  is  taken  away  in  his  Clock,  by  that  Corredion  of  two  Scruples  which 
he  mendons:  Which  therefore  this  learned  Man  ftiould  confider. 

But  laftly,  if  he  is  more  inclined  to  admit  the  Capernican  Hypotbefis  than  the 
Ftoktmck ,  in  that  alfo  the  fame  Equations  will  follow,  fuppofing  the  Revo- 
lutions of  the  Earth  to  be  Ifochronal.  Indeed  I  confefs,  that  the  Equation  of 
Time  procedii^  from  the  unequal  Motion  of  the  Sun  in  its  Orbit,  may  be 
removed,  and  direded  the  contrary  Way,  if  we  fuppofe  the  Earth,  or  the 
Primum  Mobile,  to  make  unequal  Revolutions :  But  if  he  will  confider  the 
Nature  of  Time,  he  will  eafily  underftand,  that  it  is  impofliblc  ail  it&  Inequa- 
lity (hould  be  removed. 
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■^ 
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■i 
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A  Table  of  the  Equation  of  Days,  to  be 

entered  with  the  Place  of  the  Sun. 

• 

G. 
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;Qi 

ni 

^  I  w 

mm 
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'Add." 

'Add."' 

'Add."  'Add/' 

'Sub." 
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2 
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16 

12  50 

15  56 

7  3i 

6  4a 

»4  45 

.11  5a 

'17 

13   7 

15  50 

7'   5 

7   9 

14  50 

•I  37 

18 

^3  22 

15  44 

6  38 

7  34- 

14  54 

11   21 
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8  40 

28 

15  »6 

13  58- 

2   I 

II   10 

14  47 

8  22 ' 

29 
52 

15  25 

J    1     III!    f 

13  42 

I  30 

11   29 

14  4a 

8   4' 

^5,  34 

»3-  25 

0  59 

II  4^ 

14  26 

7  45- 

Vot.  I; 

'  '  ^W 

h    ' 

xxm. 


(  274  > 

A9is  •hfitvU'm  XXIIL  Ann.  i66a  Jprilzj.  About  8  of  the  Clock  in  the  Morning  there 
^!f^rii%^.t,  appeared  g  Spot  in  the  lower  Limb  of  the  Sun»  a  little  towards  the  South  of 
•aift.  '  its  Equat6r,  which  was  entered  about  -^  of  the  Diameter  of  the  Sun  itfdf, 

being  about  ^4^,^  in  its  fhorteft  Diameter,  of  that  of  the  Sun  ;  its*longeft, 
about  -^  of  the  fame.  It  difappeare4  upon  Wednefday  Morning,  May  g. 
though  wefaw  it  the  Day  before  about  lo  in  the  Mornings  to  be  near  about 
the  fame  Diftance  from  the  Weft  ward  Limb;,  a  little  South  alfo  of  its  Equa- 
tor, that  it  firft  appeared  to  be  from  the  Eaftward  Limb,  a  little  South  alfo 
of  its  Equator.  It  feem*d  to  move  fatter  in  the  middle  of  the  Sun  than  to- 
wards the  Limb.  It  was  a  very  dark  Spot,  almoft  of  a  Quacirangular  Form, 
and  was  enclofed  round  with  a  kind  of  dufkilh  Cloud. 

We  firft  obferved  this  very  fame  Spot  both  for  Figure,  Colour,  and  Bulk, 
to  be  re-entered  the  Sun,  A&y  25,  when  it  appeared  to  be  in  a  Part  of  the  fame 
Line  it  had  formerly  traced  j  and  was  entered  about  -^  of  its  Diameter  about 
7  o'  Clock  in  the  Afternoon.  At  the  fame  time  there  appeared  another  Spot, 
which  was  juft  entered,  and  appeared  to  be  entered  not  above  t4t  Part  or^the 
Sun*s  Diameter.  It  appeared  to  be  longeft  towards  the  North  and  South,  and 
Ihorteft  to^\^rdj  the  Eaft  and  Weft.  There  feem*d  to  be  difpers'd  about  it 
divers  fmfiaU -Clouds  here  and  there. 


'Sftuthfervti        XXIV.  I.   Ann.  i6yi.    M.  Pic^rd^  at  Sea  near  the  3>a;«/,  obftrved  a  Spot 
in  thiSwii  h    in  the  SuK  from  Aug.  3.  St.  N.  to  the  19th.    It  appearM  at  firft  like  the 
vij^^^pza^^.^^^^^^'.^^f^i^^^  but  on  the  19th  Day  refembling  a  Melon-Seed. 
ViS'  f  *y?-      a-  ^^gi  II.  (S.  N.)  1 67 1.    About  6  o*  Clock  at  Night,  M.  Caffiniy  with  a 
i^rJ'V^MS-*^^^'*^^*  Gl^  remarked  in  the  Sun's  Difk,  two  Spots  very  dark,  diftant 
w.j/./.»»/o.  from  its  apparent  Center  about  the  third  Part  of  his  Semidiameter.     They 
were  in  the  Southern  Part  of  the  Sun,  and  their  Elongation  from  the  Parallel 
of  the  Equatifr  paffing  through  the  Center  of  the  Sun,  was  about  ^V  part  of 
his  Diameter.     The  Time  which  lapfcd  between  the  Tranfit  of  the  Sun's  Cen- 
ter and  that  of  the  firft  of  thefe  Spots,  was  22''.  or  23".  the  Semidiameter 
of  the  Sun  then  paffing  in  6&\    The  firft  of  thefe  Spots,  being  looked  upon 
with  a  Telefcope  of  17  Feet  long,    appeared  with  a  fomewhat  Oval   Fi- 
gure; the  other  was  oblong  and  a  little  curved,  like  the  Hebrew  Letter  7^^  v 
and  both  together  were  furrounded  by  a  Corolla^  or  Coronet,  made  up  of  little 
dark  Points,  which  conformed  itfelf  to  the  Figure  of  the  Spots,  confidered  as 
they  were  join'd  together. 

Aug,  1 2.  He  perceived  that  they  were  nearer  his  Center.  The  Time  be- 
tween  the  Paflage  of  the  Sun's  Center,  and  that  of  the  interior  Edge  of  the 
Coronet  which  encompaffed  them  both,  was  then  of  16".  At  7  o'  Ciock  it 
was  but  of  15''.  and  the  Southern  Limb  of  the  Coronet  touched  the  Parallel 
paffing  through  the  Sun's  Center.  The  firft  Spot  was  compofed  of  two 
others  alnM)ft  round,  and  conjoined.  The  fecond  reprefented  tJie  Shape  of  a 
Scorpion.  The  third  was  round.  And  they  were  all  three  environed  with  a 
Coronet^  which  was  compofed,  as  wcfaid  above,  of  abundance  of  little  obfcure- 
f  ric)^.    This  Coronet  appcar'd  to  be  clearet  than  the  reft  of  the  Sun,  when 

looked. 
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looked  upon  with  the  Ihort  Glafs,  and  darker  when  fcen  with  the  long* 
Without  it  there  were  other  Points,  but  very  black  ones;  viz.  Five  near  the 
round  Spot  on  the  South-Side,  and  another  near  the  Scorpion*s  Tail  on  the 
North-fide. 

At  8.  o'clock  48'.  the  figure  of  the  Scoirpion  was  feen  divided  into  feveral 
Pieces,  as  if  the  Tail  and  Arms  had  been  cut  off.     The  Northern  Point  ap- 

Cir*d  no  more,  there  remaining  none  but  thofe  on  the  South-Side  ;  and  the 
ngth  of  the  Inclofure  of  all  the  Spois^  comprehehded  between  the  Extre- 
mities, was  of  1'.  15".  and  the  Breadth  of  y>'\ 

The  fame  12th  D3y  at  6  in  the  Evening,  he  found  no  great  Change  in  the 
firft  Spot.  The  other  two  were  fevered  into  5  diftinft  ones,  compafs'd  about 
with  a  Coronet,  together  with  5  black  Points,  "^ich  ftood  in  a  flrait  Row, 
apd  ffter  another  Manner  than  they  did  in  die  Morning.  F^om  6  at  Night  un- 
to 7,  the  Time  when  the  Paf&ge  of  the  Sun^s  Cent^,  and  that  of  the  Coro^ 
nefs  Limb,  was  found  to  be  at  one  time  of  8".  and  another  time  of  7^,  the 
Diftance  of  the  Spots  unto  the  Parallel  paffing  through  the  Stin*s  Center,  was 
near  the  fame  on  the  North-fide  With  what  it  had  been  obfervcd  to  be  in  the 
Morning  on  the  South-fide, 

-/fef.  13.  Between  the  Rifing  of  the  Sun,  and  half  an  Hour  paft  6  in  the 
Morning,  the  Edge  of  the  Coronet  was  turned  to  a  Point  on  the  South  fide, 
and  was  diftant  trom  the  /Equator  on  the  North-fide,  half  a  Nfinute ;  and 
there  was  but  a  Second  of  Time  from  the  Paf&ge  of  the  Sun*s  Center  unto: 
the  PafiTage  of  the  fame  anterior  Edge  of  the  Coronet. 

At  8  o'clock  30'.  the  fore  Edge  Was  in  the  fame  Horary  Circle  with  the 
Center  of  the  Sun :  So  that  in  one  Day  and  Half,  thefe  Spots  have  fun  thro'- 
very  near  the  third  Part  of  the  Sun's  apparent  Semidiameter,  which  giveth 
an  Arch  of  19  Degrees  and  a  Half  of  the  Circumference  of  the  Sun's  Body  5 
and  confequently  their  Diurnal  Motion  about  the  Sun's  Axe  hath  been  of  13 
Degrees  -,  and  the  time  of  their  Periodical  Revolution,  as  far  as  we  could  con- 
jcdure  in  fo  little  time,  muft  be  about  27  Days  and  a  Half. 

jitig.  14.  At  6  in  the  Morning,  there  pafled  15".  of  Time  between  the 
Paflage  of  the  anterior  Limb  of  the  Crown^  and  the  PafiTage  of  the  Sun^s  Cen- 
ter through  the  fame  Horary  Circle :  And  then  the  Southern  Limb  of  the 
Crown  was  a  Minute  and  an  half  diftant  toward  the  North  from  the  Parallel 
of  the  jEqualor^  pafling  through  the  fame  Center  of  the  Sun.  The  Figure 
of  the  firft  Spot  was  almoft  the  fame  with  that  of  the  Day  before.  The  fe- 
cond  had  taken  the  Form  of  an  Heart,  the  Point  of  which  was  turned  to  the 
North-fide,  and  its  Bafe  between  the  South  and  the  Eaft.  Three  other  finall 
Spots,  difpofed  triangle-wife,  ftood  over  the  faid  Bafe,  and  were  accompa- 
nied with  two  others  upon  a  Line  turned  Southward.  And  they  were  all  en- 
compafled  by  a  Crown  running  out  into  a  Point  on  the  South- fide  •,  and  on 
the  North-fide,  Eaftward,  it  had  an  Appendix. 

Aug.  15.  At  6  in  the  Morning>  there  pafled  27".  between  the  Paflage  of 
the  anterior  Limb  of  the  Crown,  and  that  of  the  Sun's  Center  through  the 
iame  Horary  Circle.  The  Southern  Lipnb  of  the  fame  Crown  was  two  Mi- 
nutes and  an  half  diftant  from  the  Parallel  of  the  /Equator^  pafling  through 
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A»  Cdo(er  ^ef/tbe^Ht  wkoib'DUniecer  ]^0hi  in  t'.  ^\  through  the  fitme 
ti^f€gnf  Cifjcte.  The  firft  iSptf/  had  a  Jittie  ctonged  the  Figure  i  the  fecond 
^fm  quadi^aoguiar,  longer  from  Eaft  to  Wieft  than  from  North  to  South :  It 
appeared  bigger  than  ordinary,  and  had  withal  on  its  fides,  within  the  com- 
p^  of  the  Gr4i^iistf$y  three  ot4>er  fmall  Spts.  There  were  alfo  feen  four  more 
without  the  faid  Crown  on  the  South -fide. 

-4«f.  i6.  At€  in  the  Morning,  th^re  was  2/'.  between  the  Paflage  of  the 
Sutf^  anterior  Limb,  aftd  the  i:^affage  of  the  anterior  Limb  of  the  Cr^v;n 
through  the  fame  Horary  Circle ;  and  38",  between  the  Paflage  of  the  an- 
terior Limb  of  the  Cref^im^  unto  thQ  Paiffage  of  ^  Sun's  Geiiter.  The  Southern 
Lunb  of  the  Cr^^n  was  3^:''  off  ^nom  the  Parallel  of  the  /Equator^  pafSng 
thro?  the  Center  of  the  San  towards  the  Notch :  And  the  Obfervation  having 
been  ttiade  yet  more  exaftly  tut  half  an  Kour  J^aft  70/  the  fame  Morning^  this 
Diftance  ww  found  of  3'  33'^  The  Figure  rf  the  firft  Sfot  in  the  jBegin* 
aing  of  tjbc  Obfervgition,  ^iffef*d  not.  much  from  that  ot  the  precedent  Day  i 
but  afterwards  it  was  feen  divided  iaco  two.  The  fecond^  which  likewifc 
fecmed  to:be:tbe  timt  ia  thi^  Beginning,  was  afterwards  divided  into  (bree^ 
acconipanied  with  black  and  dark  Points  without  the  Crmn  en  die  Soutb-ikie* 
The  iame  Day  at  6  o*  Clocks  and  i.j'.  at  Nighty  the  Figures  df  thefc  Spots 
we  0HiGh  changed.  There  were  s^p^ts  endofed  in  the  0^w»s  Tbet^^ 
forcmofl:  w^^re  Part  of  that  which  had  beten  feen  in  the  Morning  as  one  ^  tjbe 
two  othecs  following  thofe  two  %r&^  were  ^rt  of  the  fecond  in  the  Moiv^iig; 
and  without  there  were  5  Points  on  the  South-fide»  and  two  more  a  Uttto 
forther  to  the  North ;  w!hich  P(Hnts  were  ranged  as  in  another  Area  made  up 
df  other  PcMffiCSv  fo  fmaU  that  tney  could  fcarely  be  perceived. 

Jugk  17.  in  the  Mornings  rnimsdrntlf  after  the  Rifing  of  the  Sun^  tbero 
4|ppeM«d  three  Tcry  darife  Spois^  which  formed  in  a  manner  thefe  Letters  Fn  J^ 
pofited  from  Eaft  to  Weft)  and  indiuded  10  their  wonted  Cr0iim^  wMch  fl^ecched 
out,  as  .^twerp>  two  Arms«  or  two  Handles,  one  to  the  South,  and  the  other 
to  the  North.  There  paffed  18''.  between  the  Paflage  of  the  foremoft  Limb 
of  the  Sm^  ^nd  that  of  the  forenw>ft  Liinb  of  the  Crown^  and  47t^  between 
the  Paflfage  of  the  anterior  Limb  of  the  Crown^  unto  the  Paflage  of  the  Surfs 
Center.  The  Southern  Limb  of  the  fame  Crown  was  diftant  ii'.  in",  from 
lAit  Paralkl  ihsx  touched  the  *S«»  on  the  North-fide,  and  4'.  38".  from  the 
Parallel  that  pafs'd  through  Che  Center. 

J^g.  18.  at  7  in  the  Mdrning,  the  5/>t7/j,,  which  appeared  through  fome 
Clouds,  had  almoft  the  fame  Shape  with  thofe  of  the  Day  before,  only  wkh 
this  Difference,  that  they  were  a  little  clofer  together^  drawing  from  Eaft  to 
Weft.  There  lapfed  13".  betweci>  the  Paflage  of  the  anterior  Limb  of  the 
Sm^  and  that  of  the  anterior  Limb  of  the  Spot^  through  the  iame  Horary^ 
Circle,  and  524^".  of  the  foremoft  Limb  of  the  Spot  unto  the  Paflfage  rf  the 
Center.  The  Southern  Limb  of  the  5^/  was  9'.  13".  diftant  from  the  Pa- 
rallel that  touched  the  Northern  limb  of  the  Sm^  and  &.  41".  from  the  Pa- 
ralkl  that  paflcd  through,  his  Center.  !At  5  o*  Clock  and  55'.  at  Night  of 
the  fame  Day,  there  lapfed  ii"'.  between  the  Paflage  of  the  anterior  Limb 
of  the  Sun  throY^h  the  fame  Horary  Ciitlei  and  the  Paflage  of  the  anterior 
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limfa  of  the  Crmn ;  and  from  thence  unto  the  PaflS^d  ftf  the  SUf?l  Center 
54i''.  The  Limb  of  the  Crown  next  the  Parallel  paffmg  dirough  the  Center 
of  the  Sun^  was  diftantfrom  the  fame  Parallel  y\  ^o'\  • 

Aug.  19.  from  4  to  5  in  the  Evening,  the  Spot  appeared  oblong  near  thfe 
Swf^  Circumferefnce,  from  which  it  was  diftant  about  the  Breadth  of  thfe 
&me  Spot,  ' 

Aug.  10.  in  the  Morning,  which  was  not  the  full  feventh  from  the  Day  th^ 
khey  were  arrivM  to  the  middle  of  the  Difk,  they  difappear'd. 

The  apparent  Velocity  nigh  the  Center  was  fuch,  that  if  it  had  continued 
tiie  famq,  the  Spots  wguld  have  arrived  almoft  in  4  Days  to  the  Limb  of  thfe 
Oiik ;  but  in  this  Hypothefis,  that  the  Spots  were  adherent  to  the  Smft 
iSurface,  or  at  iealft  very  nigh  to  it,  this  apparent  Velocity  was  to  leflert  accord- 
ing as  they  flioul(i  remove  from  the  Center  \  as  hath  conae  to  pafs  in  efifeft.  Thfe 
Diminution  of  the  Length  of  the  Mifty  Crown  was  in  a  manner  proportionablfe 
(CO  tlie  lOimmutidn  of  the  apparent  Velocity ;  fince  that,  when  this  Crown  wafs 
Sh  the  Middle,  and  in  a.  Situation  Wherein  its  triTe  Figure  could  be  belt  feeri, 
it  appeat'd  obloitg,  and  of  the  Form  of  an  human  Ear,  its  greateft  Diametdr 
k^Aing  Eaft  knd  Weft;  but  being  nigh  the  Linib,  the  fame  Diametel: 
fetoed  to  Ihoiteh  ;  and  having, appeared  greateft  ih  its  firft  §ituatioh,  it  ap- 
tocar'd  leaft  in  this,  becaufe  it  -v^as  almoft  in  a  Circle. that  pafs*d  through  thfc 
Center  of  the  >Suii,  whofe  equal  Arches  are  by  fo  much  the  more  ©bSque,  by 
fcow  much  they  approach  more  to  the  Limb  of  his  Difk,  and  confequentljr 
appear  lefs,  according  to  the  Rules  of  Opticks  :  niew  time,  the  Di^meter^ 
liat  was  turned  from  South  to  North,  apparently  kept  the  fame  Aignefs  it 
liad  near  the  Center,  becaufe  it  y^as  in  a  Circle  almoft  Parallel  to  the  HorizoA 
lof  the  Sm^  which  formed  the  Reprefenutidn  of  its  Limb,  and  whdfe  equal 
AfCnes  ("by  the  lamc  \Jp4feal  fvcAions)  tJo"  trot  lAppcAT  ^coMTActeu.' 

3.  Several  curious  Obfervers  at  London,  have  feen  one  of  thefc  Spots  recurred  ^r  rtv^rsiat 
to  thfe  Sun*s  Eafterh  Limb,  about  Aug.  25.  St.  N.  as  M.  CaJ/ini  predided  they  ^ys^t-s^st. 
ihoiM  return.  .  * 

4.  Aug.  20.  1671,  1  faw  a  large  Spot  in  the  Center  of  the  Sun^s  Face  about  37  ^-  Hook. 

Sept.  r.  At  3  o'clock,  I  faw  the  fame  Spot  moved  about  a  Quarter  of  the 
iXameter  of  the  Sun  Wcftward  -,  it  confifted  of  one  greater  and  two  lefler 
black  Spots,  with  a  dujiy  Cloud  encompaffing  them  :  The  Diameter  of  the 
whole  Phsehomenon  was  about  ^  of  the  Diafnetel*  of  the  Sun,  and  it  was 
diftant  from  the  next  adjoining  Limb  ff  (that  is,  exaftly  one  Qgarter)  of  the 
Dianiieter  of  the  Sun. 

5.  The  folar  Spols  have  been  obferved  by  us  at  Hamburg,  from  Aug,  26,  3y  ;ifr.  Hen. 
Old  Style,  (almoft  the  firft  Day  on  which  they  begaYi  again  to  i^pe^)  as  far^^«™»- 

^  S^p/.  5.  on  which  they  approached  very  near  to  the  Limb.  '  ^  *  '*  ^^^^ 

XXV.  An.  1676.  Jun.  26.  St.  N,  we  have  in  the  Sun  a  pretty  large  Spot^  sp^tsOferved  h 
which  was  in  the  middle  of  the  Sun  at  Four  in  the  Afternoon,  with  South  J^  g*  ?  h 
Latitude  4V'-     Its  Diftance  from  the  fouthern  Pole  of  the  Sun  by  many  Ob-  n.  xa7.5l66s. 
fervaiions  I  determined  to  be  78  i  Degrees.     If  it  is  of  a  fufficient  Confiftence 
to  compleat  its  Grcle^  its  Reftitudon  may  be  expe<5ted  at  the  Middle^  in  the 
Evening  oijuly  25,  with  greater  South  Latitude. 
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XXVI.  I. 


Sprts  otferved  in 
theSmn;  Ij  Mr, 
flamfteed^  Mid 
Mr.  HaUey. 
N.  1x8 .^  687. 


O.S. 

At  Greenwich, 
A.  D.  1676. 

At  Oxford,  . 
A.  D.  1676. 

Times  of  Obferva- 
tions. 

Longit. 

from  the 

Sun'j 

Center. 

South. 
Lat. 

Times  ofOhferva- 
tions. 

Long. 

South. 
Lat. 

25 

27 
28 
29 

30 

Aug.  I. 

2 
3 

4 

h.     ' 

/        // 

/                 // 

h.     ' 

1               ti 

t        i» 

6  46  p.  m.Con. 

n  40 

2         8 

10    3  a.  m.  Con. 

4  51 

10  31  a.  m.  -  - 

2  54p.  ni.  '.  - 
9  15  a.  m.  Ant. 

9  34 
5  40 

3  05 
2  25 

0  37 

3     25 

2  50 

3  27 
3  10 
3     33 

6  21  a.  m. 

3  55 

3       22 

7  20  a.  m. 

7  40  a.  m.  — 
7    3  a.  m.  -  -  - 
5    6  p.  m.  -  -  - 
7  16  a.  m. 

5  9P-m.--- 

6  2  p.  m.  — 

7  33  a.  m.  -  -  - 
4  54  p.  m.  -  -  - 

0   '.oo 
3     36 

6    54 

8  7 

9  57 
*3,    15 

13  25 
H      7 

14  43 

3  30 
3     28 

3  50 
3  53 
3  4<> 
3  5« 
3     26 

3  14 
3     23 

9  25-^  a.  m. — 

6    48 

4    09 

8  8  a.  m. 

9  36a. m.  -- - 
4  i6tP.  m.  -- 
7  38  a.  m.  --- 

9    49 
82     28 

12     55 
14    02 

3  55 
3     27 

3  58 

4  4 

Mr.  -KaZfey  faith.  That  he  faw  a  Spot  again  on  the  fifth  Day,  8*.  ^o\ 
mane^  very  near  the  Limb  of  the  Sun,  fo  that  it  appeared  only  as  a  fine  Line  ^ 
but  by  reafon  of  its  Finenefs  and  the  too  great  Height  of  the  Sun,  he  could 
not  take  any  Meafures  to  determme  its  Place  and  Latitude  by  •,  and  that  while 
the  Spot  continued  one,  as  it  was  Jufy  25.  he  meafured  to  the  middle  of  it  5 
as  alfo  when  the  Pieces  were  divided,  but  not. far  disjoined:  Afterwards,  whea 
they  were  feparated  confiderably,  he  obferved  the  middle  of  the  bigger  Spot, 
which  was  to  the  South,  apparently  I  fuppofe,  but  really  North  :  tor  fo  only 
liis  Obfervations  will  agree  with  thofe  of  Mr.  Flamfteed  exafbly. 

Hence  it  feems  very  evident,  (faith  Mr.  Flamfteed)  that  the  Spot's  Way  was 
not  inclined  to  the  Ecliptick  fix  or  feven  Degrees,  as  Scbeiner  and  fome  others 
make  it,  but  much  lefs,  by  the  joint  Confent  of  the  Obfervations  of  both 
our  Obfervers.  Mr.  HaU^  adds.  That  confidering  the  Motion  of  the  Spot 
crofs  the  Sun's  Difk,  as  both  their  Obfervations  give  it,  it  appears  that  the  La- 
titude was  not  fo  great  at  its  Entrance  into  the  Sun  as  in  the  middle  of  him. 
And  by  Mr.  FlamfteeS^%  Obfervation,  it  was  greatefl  on  the  firft  of  Augufi^ 
and  then  again  inclining  towards  the  Ecliptick.  If  you  grant  this,  it  will 
follow,  (infers  Mr.  Flamfteed)  that  the  Sun's  Axis  was  inclined  to  the  Plane 
of  the  Orbis  magnus  5  but  the  quantity  of  this  IncliBation  mull  not  be  very 

great. 
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great.  The  Nodes  of  the  Sun's  Equinox  and  Ecliptick  he  gucffcs  to  be  not 
nr  from  the  beginning  of  Cancer  and  Capricorn  ;  and  that  from  Cancer  to  C^- 
fricorn  the  Earth  is  North  of  the  Sun's  Equator  ;  from  Capricorn  to  Cancer^ 
South  of  the  fame  :  And  the  Period  of  the  Sun's  Revolution  in  refpeft  of  the 
fixed  Stars  25  Days  9^  Hours,  fufficiently  exaft.  Of  which  things  thefe  two 
Obfcrvators  fay  they  might  have  been  more  certain,  had  not  the  Spot  in  its 
Paflfage  broken  into  fo  many  Parts,  and  thofe  often  varied  their  Pofitions  to 
each  other. 

2.  We  here  obferved  the  Solar  Spot,  from  Aug,  6.  to  14.  and  by  com-  wAfr.Caffiiii, 
paring  our  Obfervations  we  have  found,  that  it  was  in  the  middle  of  its  courfe."***'  ^  ^^' 
in  the  apparent  Dilk  of  the  Sun  about  Midnight  after  the  8th  Day  of  AuguSt^. 
at  the  apparent  Diftance  of  3  Minutes  from  the  Center  towards  the  South. 
It  is  feparated  into  feveral  Parts,  which  are  disjoined  from  one  another  at  a 
confiderable  Diftance,  daily  towards  the  North  and  South ;  fo  that  befides 
their  common  Motion  about  the  Sun's  Axis,  each  of  the  Parts  have  a  diredfc 
Motion  of  their  own  among  one  another.  I  think  this  Spot  to  be  different, 
from  that  which  we  obferved  in  the  preceding  Month  of  June.  For  fince  that 
had  the  middle  of  its  Courfe  in  the  apparent  Difk  of  the  Sun  on  the  28th 
Day  of  the  fame  Month,  it  muft  have  return'd  nearly  to  the  fame  Situation, 
if  it  had  been  ftill  in  Being,  in  the  Night  following  the  25  of  July  -y  as  is 
deduced  both  from  its  Velocity,  the  obferved  Time  of  its  Appearance,  and 
alfo  from  the  Courfe  of  the  other  Spots  which  we  faw  to  finifh  their  Period 
about  the  Sun  in  the  Space  of  lyf  Days,  or  ayi.  Befides  its  Path  is  diffe- 
rent from  the  foregoing  j  for  the  firft  was  fomething  more  remote  from  the 
Equator  of  the  Spots  than  the  latter.  And  this,  if  it  had  Confiflence  enough,, 
return'd  to  the  middle  of  the  Sun  on  Sepf.  5.  in  the  Morning. 

XXVIL  Jnn.  1684.  ^pr.25.    About  an  Hour  before  Noon  I  difcover'd  5>i,,.^yi^i  i,, 
alaige  Spot  entred  within  the  Sun's  Difk,  a  little  diflantfrom  his  foUowingjJ^^-^^^*^^, 
Limb.  Thefe  Appearances,  however  frequent  in  the  Days  oi  Scheiner  and  G^-^nJist!  |U5gtSf 
Uko^  have  been  fo  rare  of  late,  that  this  is  the  only  one  I  have  feeo  in  his  Face 
iaact  December  1676.     By  the  obferved  Meridional  Diftances  of  it,   and  the 
Sun's  Southern  Limb  from  the  Vertex  at  Noon,  I  found  it  to  have  3'.   40". 
more  Nordi  Declination  than  the  Sun's  Center  \   and  at  3*.  35'.  after  Noon,. 
I  meafured  its  Diftance  from  his  next  Limb  40''. 

Next  Morning,  April  26.  I  faw  it  more  remote  from  his  Limb,  and  by 

die  Obfervations  then  made  (at  8**.  mane)  determined  its  Longitude  from 

the  Sun's  Axis  66|:  Deg.  and  its  Declination  from  the  Solar  -Equator  gf 

D^.  South.     Whence,  fuppofing  the  Revolution  of  any  Point  of  the  Sun  to 

the  fame  6xed  Star  to  be  performed  in  25  Days,    6  Hours,   the  Angle  of  his 

Equator  3nd  our  Ecliptick  7  Deg.  and  the  Longitude  of  his  Northern  Pole  if 

16  Deg.  I  defigned  the  Lme  of  its  Way  or  Trace  over  the  Sun,  and  the  Points     - 

b  it  where  the  Spot  would  appear  every  Morning  after  at  the  fame  Hour, 

till  its  Eerefs  on  the  8th  of  May  ;  which  I  found  altogether  confirmed  by 

fuch  ObSrvationsas  I  made  till  then  j  fo  that  I  had  no  rcafon  to  doubt  of  the: 

Theory;  3  '^ 

Wheni 


Whtfn  the  Spot  was  MV  the  Middle  of  the  Sun,  it  appeer*d  very  brdatT, 
and  almoft  Square,  the  Nudeus  of  the  fame  Figure  about  40"  Diameter ;  but 
when  it  was  near  the  Limb,  much  narrower,  and  almoft  oval :  It  feemed  to 
have  Confiftence  enough  to  endure  a  fecond  Return ;  if  it  fhall,  it  will  enter 
the  vifible  Diflc  of  the  Sun  on  the  21ft  of  Ma^  in  the  Evening,  and  in  its 
Paffage  over  him  delcribe  a  Line  nearly  ftreight,  with  greater  Latitude  fixjm 
the  Ecliptick. 


llghtmd  hy  the 
Hun;  by 
M,  Auxout.' 
N.  4.  f,  68. 


To. find  m  f^hat  XXVIH.  One  of  tlie  Means  ufed  by  M.  Juzout  to  enlighten  an  Objc6b 
piM^T^I^fn-  in  what  Proportion  one  pleafeth,  is  by  iome  great  Objeft-Glafs,  by  him  called 
a  Planetary  one,  becaufe  that  by  it  he  fhews  the  Difference  of  Light,  which 
all  the  Planets  receive  from  the  Sun,  by  making  ufe  of  feveral  Apertures,  pro- 
portionate to  their  Diftances  from  the  Sun,  provided  that  for  every  9  Feet 
Draught,  or  thereabout,  an  Inch  of  Aperture  be  given  for  the  Earth.  Do- 
ing this,  one  fees  (faith  he)  that  the  Light  which  Mercury  receives,  is  (eat 
enough  from  being  able  to  burn  Bodies,  and  yet  that  the  fame  Light  is  great 
enough  in  Saturn  to  fee  dear  there,  feeing  that  (to  Wtn)  it  appears  greater 
in  Saturn  than  it  doth  upon  the  Earth,  when  it  is  over-caft  with  Clouds ;  which* 
(be  adds)  would  fcarce  be  believed,  if,  by  means  of  the  Glafs,  it  did  not  fcn- 
fibly  appear  fo. 


os^mmxesi     XXIX.  The  Mquinoxesof  this  Year,  1699,  according  to  the  Obferv^ons 
^.  Worttd-Qf  ^   Wbrtzelbaur   at  Nurenherg,   happened  March  9.  20^  35^.  27^'.   and 


Thi 
hyU. 


N.  %6s.  f,6iz>  Sipt.  12.  IO^  22'.  42".  which,  by  his  Tables,  outght  to  have  been  March  9. 
2o\  40'.  30".  and  Sept,  12.  io\  32'.  ,52". 

7k  Mrw  Skim  XXX.  For  the  well  obferving  of  Solar  Eclipfes,  caft  the  Species  of  the 
£ff4iln&ed-  Sun  through  a  good  Telefcope  of  a  competent  Length,  on  an  extended  Paper,. 
H.  55.  p.  II04-  placed  behind  the  Eye-Glaife  fo  far,  as  that  the  iSd  Species  may  appear  at 
eaft  6  Inches  over ;  then  divide  both  his  Periphery  into  360  Degrees  Tfor  the 
setter  obferving  the  Inclination  of  the  Cufps  of  each  Phafis,  and  his  Diame- 
ter into  Digits,  and  their  Parts,  by  concentrick  Circles,  for  mcaiuring  die 
Quantities  of  the  obfcured  Parts. 


Smmt  Ad.  i66#. 
June  %%.  St 
London i 
I7  Mr.  Wil- 
looghby. 
Dr.  Popt, 
Dr.  Hook,  mi 
3&.  PhiUipc. 
N.  15.  f,  t^f. 


XXXI. 


It  was  darkned 


The  Eclipfe  b^an  at  5^.  43'. 
\  Diam.  -  -  at  6  00 

4  Digit.    -  -  at  6 

5  Dig. at  6 

6  Dig. at  6 

7  Dig. at  6 

6  Dig.  -  *  -  at  6 


7 

21 

39 
57 


h.    ' 

sDig.- 

--  at 

7    6 

4  Dig-  - 

--at 

7  13 

3  Dig.  - 

-  -  at 

7   20 

2Dlg.  - 

-  -  at 

7  26 

I  Dig.  - 

-  -  at 

7  32 

0  Dig.  - 

-  -  at 

7  27 

Its  Duration  hence  appears  to  have  been  one  Hour  and  54'.  Its  greateft 
ObfcuriPf  fomewhat  more  than  7  Digits*  About  the  middle,  between  the 
Perpendicular  and  Wcftward  Horizontal  Radius  of  the  Sun,  viewing  it  thro* 

Mr.  Bcyle^^ 
3 


[ 


I 


Mr.  Bsyle^s  to  foot  Telefcope,  fliere  wasrperceiveH  |ilittle  oF  ffie  Limb  of  t!hc 
Moon  vdthout  the  Diflc  of  the  Sun;  which  feertiM  to  fome  of  thcObfer- 
vers  to  come  from  fome  Ihining  Atmofphere  about  the  Body  either  of  the. Sun 
or  Moon.  They  affirm  to  have  obferved  the- JFigure  of  this  Eclipfe,  and 
mcafured  the  Digits,  by  cafting  .the  Figure  thr<>ugh  a  5  Fpot  Telefcope  on 
an  extended  Paper,  jfix'd  at  acertiin  Diftance  from  the  Eye-Glafs,  and  having 
around  Figure;  all  whofe  Dianleters  were  divided:  by  6  concentrick  Circles, 
into  12  Digits.  .      . '    • 

2.  The  £clip/e  began  at  s\  44'.  52".  fnam.    It  ended  at  7^.  43'.  6".    So  ^  ^^'^j^ 
that  its  whole  Duration  was  i\  58'.  14''..    The^  greateft  Qbfcuration  ^as  ^^/i. pfl^'g. 
7  Dig.  50'.  but  it  feemed  to  have  been  greater  by  •  3'.  which'  Mr.  Payen  iiji-  ^ 

pates  to  a  particular  Motion  or  Libratioil  of  the  Sgn*s  Glnhe,  -  whkh  ent^i:*^ 
taincd  that  Luminary  in  the  ian^e  Phafis  for  the  fpace  of  8".  and  fonnic  Seconds, 
aa  if  it  had  been  flopped  in  the  midft  of  its  Courfe,  I  rather  tha^i  to  a  Jtretaulous ' 
Motion  of  the  Atmol^hcre,  as  Scbeiner  Would- hayje  it..  The;  apparent  Dia-, 
meters  were  almoft  equal ;  for  \f\  the  Pha0s  ojf  6  BigUjy  the  Circumference 
of  the  Moon's  Diflc  pafled  thaiiigk  the  Center-of-  tiajLof  the  Sun,-fo  as  that 
two  Lines  drawn  through  the  two  Horiis  of  the  ^  J^t  made,  with  the  con\- 
men  Semidiameter,  two Equilatdral  Triangles-  .    x   -•    -  :       j       m    ..  i 

The  Beginning  and  'Middle  of  the  Eclipfe  happened,  to-be  in  the  North- 
Eaftem  Hemifphere,  and  the  End  in  thje  Spyt^-f. altera.  -The  firft  Contact 
(as 'twere)  of  the  twoDifksj  was  obferved  in  the  J  uperior^Litnb  jof .  the.  Su|i*s ' 
Efiflc,  in  refped  to  thfc  Vertical  Line  ;  and  in^  the  inferior,  in  refpe6i-:t5b  tiher 
Ediptick.  But  the  Middle  and  '.the  End  were  fee^iUn  the  fuperior  Limb,'  in- 
refpedboth  to  the  Vertical  and  the  Ecliptick  :  Aiid,  'what  to  M.  P(yen  feems-, 
extraordinary,  both  the  Beginning  and  the  End  or  thi§  Eclipfe  happened  toi 
bcinthe  Oriental  Part  of  the  Surfs  Diik.        .  •.:   »  .    .- 

3.  The  Eclipfe  began,  about  5  o'Clock  in  the  Worning,  at  5'.  15'.    The^'^^^^/^y 
Sun's  Altitude  was  6'.' 55^  I  .sandwich. * 

The  Middle  of  it  was  at  &".  i\^    The  Sun's  Altitude  1 5^  5'-  ^'^'  ^'  ^^^' 

The  End  was  exaftly  at  7**.  5'.    The  Sun's  Altitude  25°.  24'. 
The  Duration  2\  4'. 

Thirty-  feven  Parts  of  the  Sun's  Diameter  remained  light,  and  63  were  * 
darken'd.  i 

4.  In  this  Eclipfe  it  is  chiefly  obfervable.   That  ithe  Semidiameter  of  the  >  mntzkk 
Moon,  from  the  very  Beginning  to  about  5  or^  Digits  of  the  increafing  ^  Y^."?!  3^7. 
Fhafis,   was  almofl:  equal  to  the  Sffmidiamcter.of  ithe  Sun  ;  but,  after  the/ 
grcatcft  Obfcuration,  when  I  again  contemplated  the  Moon's  Semidiaqaeter,  I ; 

found  it  iT.  or  g".  bigger  than  that  of  the  Sun  ;  foi  that  the  Semidiameter  of    . 
the  Moon  was  not  alvfays,  during  the  Eclipfe^  confl:ant  to  itfelf .    Of  this  Va* , 
nation  the  excellent  Ifpiael  BulUaldus  hath  alfo  oblerv'd  fomething  dX,  Paris  :  \       * 
Por-Jfte-hftth  written  to  mc^  Tha^■in  tliis^feme'£rftj;yir;'thrSemidiamerer  of  the 
Sun  to  the  Semidiameter  of  the  Moon  was,   as  16'.  c)".  to  16',  22".  buttliat 
in  another  Phafis  of  6  Digits,  the  Semidiameters  appeared  equal. 

Vol.  I.  O  o  Order 


(>82  ) 

1 

1 

Quantity  of 
the  Pbafes. 

mmefti- 
mated  iy  a 
Watch. 

SmSaL 

AUk.tf 

reSled. 

OhfertMions. 

c              

h.    '    " 

h.    '    " 

•  "      ' 

h.    '    * 

That  the   Sun-dial 

1    agree  with  thccor- 
rcdcd  Time,  is  to 
be  imputed  onlytD 
theMeridianLine. 

The  Beginning  hap- 
pcrfd    about    29 ' 

I  Degrees  from  tne 
Zenith  towards 
the  Weft 

1 
( 

Hitherto  the  Scmi- 

-   diameta:  of   Ac 

Moon  was  equal 

to  that  of  the  Sun. 

the  greateft  Obfcu- 
ration  was  Dig.  8. 
25'.     The   Hour 

1 

■ 

5  51  I' 
5  5705 
0  00  00 

5  51  00 

5  5700 

6  00  00 

n  45 
If  37 
j8  55 

5  53  12 

5  59  28 

6  I  28 

I 

2 

3 

Beginning. 

6  55  30 
8  57  30 

7  0  23 
7    2  30 

700 
720 

6  57  30 

6  59  30 

7  2  23 
7    430 

4 

5 
6 

.7 

i|  nearly 

3* 
3i 

7    4  50 
7  10  57 

7  H  59 
7  17  50 

7    5  near. 
7  10 

7  15 
7  iSnear. 

'7    6  50 

7  12  57 
7  16  59 
7  19  50 

8 

9 
10 

II 

4  Digits. 
4t 

7  «i  35 
7  *3  43 
7  «7  53 
7  31  50 

7  21 

7  23  near. 
7  28 

7  3* 

7  23  35 

7  25  43 

. 7  29  53 

. 7  33  50 

t2 
13 

,'5 

61 
6;foinet.nio. 

74iomet.nio. 

7  36  55 

,738    6 

5  39  45 

7  42  30 

7  37 
7  38 
7  39 
7  4a 

) 

•  7  38  .55 
7  4P    0 

•  7  41  45 
7  44  30 

t6 

•7 
18 

t9 

7^    " 

7'-     . 
8  nearly. 

84 

7  44    6 
7  46    0 
7  48  25 
7  51  15 

7  44 

7  46 
7  48near. 

7  51 

7  46    6 

7  48    0 

*7  50  25 

7  53  15 

20 
ll 

22 

8-ilbmet.mo. 

84 
8ifomet  lefs 

84 

7  53  37 

7  55  45 

8  6  30 

7  56  near. 

. 7  55  37 

7  57  45 

8  I     5 
8     8  30 

Orit 


{  *»3  ) 


1^ 

1 

24 

26 

27 

tbePbafes. 

Ttmtjii' 
mated  iy  a 
Wateb. 

Tim  by  a 
Sun-dial. 

AltU.vf 
the  Sun. 

Time  COT' 
reSed. 

Obfervatidns. 

h.    '    ^ 

h.  ^   " 

0 

/ 

h.    '    " 

7i 

7t  nearly 
7   nearly 
5t 

8  11  25 
8  17  30 
8  19  41 
8  28     8 

8  12 
8  18 
»I9 
8  28 

8  13  25 
8  19  30 
8  21  40 
8  30    8 

Here  the  Scttiidia- 
meter  of  the  Moon 
appeared  greater  by 

The  Point  of  the  £nd 
was  diftant  from  tflie 
Verticd  143*  to  Ae 
Eaft. 

28 

29 

39 
3» 

SiJieadjr 

4i 

3t 

8  30  14 
8  36  25 

8  43  19 
8  46  12 

8  30 

843 
8  46  near. 

8  22  14 

8  38  tS 

«  48   12 

3* 
31 
34 
35 

3 

8  47  32 
5  50  57 
5  54  H 
85824 

847 
8  50 

854 
8  58 

8  49  3» 

852  57 

8  56  15 

9  0  24 

3« 

3> 

The  End. 

8  59  35 

9  I  38 
9    3  20 
9    6  53 

8  59 

9  ^ 

9    6 

, 

9     1  35 
9    3  38 
9    5  20 
9    853 

9  23    6 
9  24  16 
9  28  29 
??0  36 

47 

47 
48 

48 

33 
42 

10 

28 

925  28 
9  26  45 
9  30  42 
9  33  «2 

O  O  2 


Ord» 


XXXII. 

AnBdipft  oftb$- 
Stm,  June  23. 
{St*  N.J  i675"» 
at  Danaick ;  ■ 
iy  M.  Heveliusi 
N.  127.  p,  66oi 


(284) 


,8 

9 
10 

II 

12 

13 
14 

16 

*7 
18 

19 
20 
21 


Obfervations. 


AlLoftbeS. 


h.     ' 


The  Sun's  Center  in  the  Horizon  -  .  r  -  - 
Nothing  yet  in  the  Sun  .---..-- 
The  Beginning  -  -.-  -'-^-  -.-  - 
Almoft  64  Digits  were  obfcured  -  -  -  - 
64.  Digits  ..  ^  ..-.-..-  . 
The  greateft  Qbfcuration  was  nearly  6  Dig^  42'. 

6i  Digits    .    .    -    - - 

6i  Digits -  .  -.^    -     .' 

6  Digits    -     -     --------- 

r  The  Diameter  of  the  Moon  was 
5i  Digits.  <      14'.  37''.  the  Semidiameter  of 

t     the  Sun  being  fuppos*d  15'. 

5iDigits .:.,.:.... 

5  Digits  nearly    "    *    ,-    ■    -    -    "    " 
4-I-  Digits    -.-■-,':--    -    -    -    - 

4t  Dibits    ---• - 

4  Digits    -     ------..'- 

34-  Digits    -    -    - -'    -. 

3i  Digits    -     --     - 

2r  Digits    ---------- 

2\  Digits    --     -------- 

2  Digits    -     --     --     ----- 

14  Digit    -     -    -     - 

i4  Digit     ....--.-.- 
I  Digit    -.---.------ 

i  Digit - 

The  End.    -    -    -. 

Altitude  of  the  Sun    -    -    -        -    -    - 

Altitude  of  the  Sun    ------- 


25 
28 


20 
5 


Yi 


tmc  cor. 


h.    ' 


3  2» 

4  42 

4  44 

5  32 
34 


30 
o 

o 

o 

o 


38  50 

43  30 
47  30 
49  30 


5  55    o 


57    o 
59  30 


2 

4 
6 

9 


41 
o 


o 

»5 

30 
»5 


14  35 
18  10 
20 
^2 
24 


25  25 
27  10 
30  30 

2i  30 


22 
14 


XXXIII.  I.  The  Beginning  of  Obfcuration    -    -    - 
The  End 

The  Duration  of  the  whole  Eclipfe    - 

Fnineia  i'metfr- The  Time  was  obfcrved  by  a  Pendulum  Clock,  corrected  by  Obfcrvadons. 
J!  6i3-  **  "  ^^  Telefcope  made  ufc  of  was  a  very  good  one,  of  7  ^  Feet. 


5—j  Jonei. 
i<76.  «»Weft. 
minfteti  iy  ^''' 


7*- 

9 

2 


50'. 

54i. 

4i. 


3mm 


(  28s  ) 


theTime  accord- 

TbeSms 
Altitude 

?^tf3l»f 

fw- 

it^  to  a  Peftdtt- 

ne  Pba/es. 

«5^rf  /^ 

/^< 

hm  Clock. 

Altitude. 

h.      '       " 

0       " 

h.     ' 

// 

7     34    50 

22    46 

7    36 

0 

7     Z7     14 

33     «o 

7    38 

40 

7    39     10 

\ 

33    30 

7    40 

48 

7    50    40 

oi:  Digit.  V. 

7    51 

5» 

EftimatedbyaTclc- 

8      8    34 

li  Digit. 

8^      9 

45 

fcope. 

8     17    25 

24  Digits. 

8     18 

zs 

Meafurcd  by  aTcle- 

8     27     10 

3tV  Digits. 

8     28 

21 

fcope. 

9     39 

li  Digits. 

9    40 

• 

EftimatedbyaTube. 

9     43 

1 7  Digits. 

9    44 

9    48 

0^  Digit. 

€   49 
'>    55 

9    54    25 

Not  ended. 

T« 

36 

9    55    55 

Ended. 

9    -57 

6 

4    26      5 

32      10 

4    26 

56 

4    28    58 

31     53 

4     29 

52 

k 

4     31       2 

31     3' 

4     32 

_i6 

^r  Wappingi 
^7  A/.  Colfon. 
Ibid. 


N.  Z27.  f.  662-« 


For  perforpiing  thefe  Obfervations  I  had  the  Afflftance  of  my  Friend  Mr.        3- 
UoUty,    We  had  prepared  two  Tubes,  one  was  196T  Inches  long,  which  had  ^'^STIw 
t)iie  of  7^w»/i?y*s  Micronieters.     I  took  myfelf  the  Meafures  of  the  eight  firft  ^ 
Phafes.     The  other  was  only  1034-  Inches  long,  with  which,  and  with  my  ^ 
Micrometer,  Mr.  Halley^ took  thp  Meafures  affigned  to  them.     But  in  the  laft 
two  Obfervations,  with;  the  leflerTube  and  my  Micrometer,  (fitter  for  this 
Uic  than  the  other,)  I  took  the  Diftance  of  the  Azimuths  falling  by  the  lucid 
Limb  of  the  Sun,  and  tne  neareft  Cufpid  of  the  Eclipfe ;  while  Mr.  Halley  in 
the  mean  time  meafured  the  Icicid  Parts,  and  the  Diftance  of  the  Culpids 
widi  the  greater  Tube.     A  littie  before  the  Beginning  came  the  moff  noble 
Lord  Vifcount  Brouncker^  Prefident  of  the  Royal  Society^  who  proved  by  his 
own  Judgment  the  Mqafure  of  the  Sun's  Diameter  taken  with  the  longer 
Tube.    At  the  Hour  7.  'ji^^\  the  Sun  firft  appeared  through  the  Clouds*    The- 
Obfervations  were  thus. ' 


Oraer 


Fix.  'S»' 


(  «86) 


I 


Hour  by  t hi 
Pen.  Clock 


h. 


7  46  oo 

7  54  50 

7  58  24 

8  04  12 

8  13  40 

a  18  37 
I  21  06 


CorreScd. 


h.  '  '^ 


7  45  00 


7  8  28  01 

8  8  29  01 

9  8  35  12 
10  8  40  20 

10  o2  00 


icr  04  OQ 


7  53  5^ 


8 

8  21  06 


mtb  the  tafger  Telefccpi. 


|p<        »l    ^      H*' 


tVUb  the  Jb&rur. 


No  Eclipfe  as  yet, 

CThc  right  Side  of  the  Sun 

<    appeared  Eclipfed,  hav- 

C   inggotclearoftheClouds. 

57  24|I  C  ii      2040  s=  10  10 

8  03  It  I  C  —  2779  =  13  56 

8  12  40  I  C     ■  *  35805=  17  52  PL— 3198  =  26  18 
17  37|PL  p   >  ■  4975  =  H  5CIC  — 2334  =  29  ^ 

PL — 29S9=:  24  35 
The3un'$D«i^636os=:  31  43     3850  =  31  40 

PL— 2888  =  23  57 
-p-  45^5^  3t|  46 

-— *  4478  ?=  2a  18  AZ—  2310  =  19  00 
-,-»•  4417  =  22  oojAZ— 2070  =  17  02 


PL 


8  27  01 
8  28  01 
8  34  lilPL 
8  39  20 1  C 


10  01  oc 


Afterwards  the  Sun  got  behind  the  Cloudst  until 

the  Limb  emerging  through  the  Qouds,appeased  free 

From  the  EcKpfe.  It  came  out  clearer,  and  nothing 

10  oj,  oeiwas  found  wafitipg  in  the  Limb> 


For  corrdffin^  die  Clocks  I  had  taken  the  Day  before  dicEdipfe,  AEy  31,  Manu 


\^Jtbehouroj 
the  Clod 


h.    ' 


7  07  I 
7  10  16 


5  3^ 
5  35  23 
5  45  17 


Mtiiude 


2lTheAltitudeof  the  inferior  Limb. 
Of  the  (ame  Limb 


A^msijm.  I.  Afternoon. 
00  Altiti^e  pi  th^  inferior  Limb,  &^. 
Of  the  upper  Limb 
Of  tne  Lower 


8  9  44 
8  13  36 
8  15  44 
8  17  51 
8  20     I 


Laftly,  June  2.  Morn. 
Altitude  of  the  inferior  Limb,  &?^ 


^7  47 
^S  16 


22  06 

22  06 
20  6 


37  34 

38  09 
38  28 

38  47 

39  07 


ist.Ttmtcompii 
d  from  tbencl 


7    o5    09 
7    09     19 


5  5J  o<5 
5  34  34 
5    44     18 


8    08    45 
8     12     34 


8     18    49 


is; 

Error. 


X    03 
<^    57 


3  5* 
o  49 
o    59 


0  59 

1  02 


1     III 


Whence  it  appears,  that  the  Clock  kept  an  even  Motion,  and  was  duly 
correfted  in  the  JEdipfe.  the 


F 


be  Hour    CorreSei 
'tbePeHd.iyiiMertl 


i  a87  ) 


Clock. 


h. 


06 
II 
18 
21 
26 

34 
42 

46 
51 
00 


45 
00 

00 
00 

14 
00 

15 
30 
45 
00 

34 
30  55 
41  15 


12 


Ijne. 


12 

22 

27 


27(1 
42 


42 
42 
56 


35  42 

43  57 


48 

53 
01 

14 
32 

42 


12 

27 

42 
16 

37 
57 


w. 


C 
PL 

C 
PL 

C 
PL 

C 
PL 

C 
PL 

C 

C 


1190 
*935 
H05 
1805 

1504 
1711 

»55J 

1702 

1553 
1801 

^3:57 
872 


TUJts. 


»o  09  perlutps  1 1 09  :s  14  50 
26  15 
9  04 
24  3P 

20  47 
23  '3 

21  o3eiks(£Uy. 

23  2oi  or  -  -  -  1720  =  23  15 
20  04  pKcifely. 

24  33 
18  25 
11  50 


4. 

At  Townlcy  s 
fy  J/r.  Rich. 
Townley. 


fig,  Ift/. 


The  Eclipfe  Was  ended,  ^  near  as  I  could  percdve, 
becaufe  of  the  Air*s  tremulous  Motion.  TBe  Place  of  the  Exit  was  fo  near  the 
Vertex^  that  I  could  not  well  determine  whkh  way  it  inclined  froihic ;  though, 
at  9^.  2a'.  by  the  Clock,  the  Cufpids  appeared  paralfcl  to  the  Horizon. 
At  9  .  10'.  the  Sun's  Diameter  i^Ta^  23^4,  exaftly  enough  as  I  thought 
Afterwards  when  the  Shin  came  to  the  Meridian,  by  a  long  Meridian  LinCy^ 
the  Clock  was  tound  too  flow  by  i'.  42^  But  by  a  great  Equinodtial  Dial,  by 
wluch  I  could  diilinguifh  to  h^f  Mbutes  or  leis,  the  Clock  was  too  (low  aiL 
llus  Morning  only  45''.  Yet  I  rather  truft  to  that  Coitedion  by  the  Meridiem* 
Line,  ^lan  by  the  Sun-diat. 

7*.  5o^  Nothing  under  the  Sun. 
7  5ot  The  beginnuig  cxaftly. 
7    52   TheDefedwasobfisrvabk. 


9    00   Digits  3^ 


9 
9 
9 


II   Digits  3^.  5. 

21  Digits  2,^,  t^-^^ 

47-i'Not  finilh'd,  but  the  End  Sdrrimman' 
juft  approaching.  ^"'°- 


nU,  F!i-  1x6. 


6.  When  the  Sun  appeared  out  of  the  Clouds,  approaching  to  an  Altitude  jtt  Ptf.s.  i^^ 
of  48  Degrees,  I  direfted  my  Quadrant  to  him,  and  held  it  immoveable  at  ^' ^^*"'«- 
this  Altitude-  From  the  Time  that  the  upper  Limb'  of  the  Sun  a,  touched 
the  horizontal  Thread  f^  in  the  Focus  of  the  Telcfcope,  to  the  coming  of  the 
Center  ^,  there  pafs*d  104^  ==  <a^  or  ^  r.  From  the  Paflage  of  the  Center  *,  to 
that  of  the  upper  Limb  of  the  Moon  0,  were  ii"  =  bs.  From  theTranfit  of  die 
Center /i to  that  of  the  upperWeftem  Horn  f,  were  25''^=^  b.  From  thd  Tranfit 
of  the  Center  i  to  that  of  the  lower  Eaftiem  Horn  /,  were  93''  =  i  k.  Hence  is 
determined  the  Line  of  the  Horns  ie^  (fetting  afide  the  Yariation)  and  its  In- 
clination to  the  Horizon  Ik  •,  and  the  Point  of  Concourfe  p  of  a  Tangerit  to  the 
Moon  with  the  Secant ;  cp^  and  the  Tangent  it  felf  p  ^,  bcing.a  mdm  Propor- 
tional between  pi  Bndpe.  Alfo  the  Angles  noe^  toi-^  and  hence  the  Angle 
ioe^  and  the  Triangle  ioe  infcribed  in  the  Circumference  of  the  Moon. 

From  thefe  and  other  Aftronomical  Principles  I  have  deduced,  that  the  be- 
pnning  at  Paris  ought  to  be  7^.  55',    The  End  about  \o\  12'. 


( 

•  ««8. ) 

• 

^     7- 

ThtJimt  Of 

-  -•   - 

"^e'Time 

;X  Their  Magm 
9        tudes 

jttXHnnXck;. 
hj  M.  Heveliui. 
imp.  €66. 

eorMng  to    a 
Sun-dial  and 
PtnJulum 

Altitudesof 
the  Sun.  ' 

corre^edby 
the  Sun's 

Ohfervatim. 

Chck. 

— 

Altitudes. 

h.      '      " 

h.  .  '    "„ 

\u    ' ." 

7  58  10 

36  17     0 

7  58  18 

\ 

8      1    30 

36  41     0 

8     I     6 

8     3  30 

37     3    0 

8     3  39 

8  50  30 

8  50    0 

The  Sun  appeirM  quite  cleur. 

9  21  30 

9  21     0 
9  22     0 

Nothing  yet  in  the  Sun. 

9  22  30 

I 

Digit. 

The  Beginning  of  the  E. 

9  24  10 

9  23  40 

2 

i  almoft. 

clipfe. 

9  24  55 

9  24  25 

3 

i  Digit. 

9  27  28 

9  27    0 

4 

i  Digit. 

9  2^  40 

9  29  10 

5 

I  Digit. 

9  33  25 

9  33    0 

6 

Ii  Digit. 

9  30  30 

9,3^    5 

7 

14^  almoft. 

9  39  35 

9  39  »° 

.8 

2  Digits. 

: 

9  45  49 

9  45  25 

9 

2i  Digits. 

9  54  22 

9  54    0 

10 

34  Digits. 

»o     3  44 

10    3  22 

II 

4i  Digits. 

lo    8  30 

iq    8  10 

12 

45:  Digits. 

10  18  17 

10  18    0 

''3 

44  almoft. 

lo  22  42 

10  22  22 

14 

4tfomet.mo. 

. 

10  26  19 

10  26    0 

:i 

44  almoft. 

io'3'5*24 

*o  35     6 

4.  22'. 

At  the  Hour  10*.  31'.  o^ 

»o  38  53 

10  38  38 

'7 

4:^  almoft. 

was  the  greateft  Obfcu- 

'o  47  34 

10  47  20 

18 

4l)ig.almoft. 

ration. 

10  53  49 

10  S3  30 

19 

34.  Digits. 

10  58  17 

10  58     8 

20 

3^  Digits. 

11     5  27 

II     5  20 

21 

2i  Digits. 

II     8  50 

II     8  44 

22 

2^  Digits. 

II  22  13 

II  22     8 

23 

li  almoft. 

II  29  14 

II  29  10 

24 

It^ 

"  35  25 

• 

11  35  20 

25 

, 

ii  36  S9 

»i  36  55 

26 

^fometmo. 

"  39  »5. 

»i  39  »5 

The  S.  not  yet  clear  of  the  Edi 

II  39  40 

U  2S  40 

— 

TheEndoftbeEcllpfe. 

.' 

4  18  10 

33  '3    0 

II  18  19 

4  20    0 

32  25    0 

11  20  36 

■ 

^ 


(*«9') 


Semid.  f 


Ehiration; 


By  Vale,  from 
tbiRudOi  ~ 

!fdblis\ 


*.  ■  >■  *\\ 


o  15    13 


vatiotf. 


,  ; 


lU'     II  II 
O  '    ' 


■0  .13  53 
P  J4-''5o 
h.   ' 


tm. 


r  « 


^I         If. 

.f  ;•  -3 

o 


3tim, 


•> 


h. 


10    o 
10.24. 

II      Oi. 


J 

•- 1 


^^  '1. 


!  8.  On  the  precedjug  V^js.  we^cl^e  .a|ypry>fit^RU(ce,. in?)?  dch  i;\{e: ^njoyfd 
adcar  open  Air  ;,  y^bich^  was  aft  the  Canvciit  6f  i^^£arrfootQrmelitts^>^vf\ 
k  rHpeCi?  ^ST^ihe^Oty^of  -rfwr^w/r  inclines  (x>  the  4*ft> .  »^  i>P  ^g  c^fe  to  qie 
Walls  enjoys  a  good?Air,^ree  &om  ;the  ^|iv>3jc  ^^^Yapours^i  >f  thc<!Jify* 
tlte  middle  of  theG4i4en^we'£rey9£d.an(Af)art|n^nt^^  nade  da^K  wi 

tapeftry  Hangings^^d-in  Ihis^e  %xt  o^r  l(f]ftr^];i|ijqits  nec^  Tary  {br40bf((r- 
^inim.     ''';■'■;.         '     .  .'    ^,  c  -^  '_  ^     (  :,■  •       '  L 

We  fitted i[>tir'Te^efi:qpe  irithia  concaYCi  o&da^jji^nsj  and  jconv^  Qbje^ 
g^  having  a  double  Motion  >with  b  firm  Support j  that  is,  v  irtical  an3  hofi- 
2t)otal,  carrying  abojitiwtth  it  aji^tlo  Bcvtrd^ms^de  ixntnov^lokb;]  ftro^gL$kre\|Sf 
ODverM  over  with  a  (white  rP^ccithat  ^aialwaysmrallel  to^c^^  EyeigJiafs,  onr 
fhich  we  defcribed  fhc  foi^  linage  fd^erpiinftd  ljy|$heDiftance  of^Ae  Tele-* 
ftope.  The  Diameter  of  tbis^we; divided  ijg^  g?fekre  Digi  s  by  "concentfic 
Ciides,  and  every  Digit  iota  60  Paits.  .      ) 

*  lifteid^of  aQuaqrant,  which,  requires  much  Caut|on,  and  is  {liable  to  waver- 
ilig;,-%eplaced  4  ^omon  very^wcU  divided  into :i 00  Parts,'  for  taking  die 
Sun's  Shadow  -,  fo  i^t  it;m|ghtjfrttiy  move,  and  yiet  feeep  its  vertical  Situa- 
tion by  means  of  a  f^erpendicular-  ^  L^ly, .  we  prepared  a  Clock  that  fhe w*d 
Minutes  and  Seconds,  and- went iwith  a  Peftdulupy  viorating  in  i  Cycloid. 
'  On  the  I  ith  of  Jm^^  which  ^asf^hc^  Ray  oi^  th^jEclipie,  at  about  an  Hojur 
after  Sun  rifing>  to;  the  beginning  and  end  &(  «jTtff:Eclipfe,  >^e  received  t^is 
bright  Image  upoii  t;he  JPaper -iwif hout .  Intermiffi<^n  ;  and  every  one  of  ,us 
watch'd  it  with  anjlaflxument  ,apppii^ed,for  .him.  yM.  de  Peaucbmps^  the 
great  Maecenas  of  tjufrMufes  ac  ^w^noHj  and*  my  jfelf  were  at;  the  Telefcope  ; 
tjie  quick-fighted  if/l^dt.St.Flsrenl  was  atthe  Gnoipon  *,' M.  <Mouio^ier.  was -at 
die  Clock,  along  with  M,  Marin^  3,  Prieft,  who  -v^  very  converfant  in  M^sr 
diematicks,  but partipiilarly  in  Clock-work.  :\ 

Prefently  and  fenfibly  theShadowi  began  to  enter  Uiis  Mfk  -yover  againft  die 
firft  Phafis  I  put  dofvn  the  Qu^i^tity  of  4iha  Pacts^bfcuredjthe  Shadow  in  ^ 
Parts  of  the  Gnomqnj  and  the^tjour  told  by  the  CJdck  ;  and,  thus  I;  coUefljed 
39  fliafes,. which  arc  contained  in  <ht  following  Tatdes. 

Vol.  I.  .  ^P  p  .    •  .  '>^tmper 
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4  40 

283 

54  27    ^ 

54  26  57 
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29 

3     ° 

9  51  40 
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10    I  53 
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36 
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60  56  21 
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37 
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6i  16  II 
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61  36    8 
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10  25    0 
10  28 .41 

10  25  12 
10  28  50 

Weftern  Horn  ww^r- 
dcal  with  the  Center 
of  the  Sun, 

{   291    ) 

The  Proportion  of  the  Diameters  appear'd  equal,  in  the  EdipfeoFfix  Digits  i 
for  then  the  vertical  Horns  of  the  Sun  were  diftant  on  each  Side  from  the  Sun's 
Vertical  about  30  D^recs.  Whence  it  appears  the  Center  of  the  Moon  was 
then  found  in  the  Sun's  Periphery,  and  that  the  Line  through  the  Center  was 
equal  to  the  Sun's  Semidiameter.  But  after  the  middle  of  the  Edipfe  we  found , 
fome  Change  in  the  Diameter  of  the  Shadow ;  for  the  Shadow  appear'd  a  litde 
more  convex,  and  therefore  the  Diameter  was  fliorter,  but  almofc  infenfibly. 


Timbytbt 

Ptadtdwn 

Cktk. 


Time  ear- 

reHedbj 

Obftrv*- 

tim. 


h.    ' 
2   12 
2  21 
a  21 


32 
46 

51 

5 

9 

10 

II 

12 

'3 

17 
21 

«3 
»S 
29 

33 
340 

3  43 

45 
49 
50 
54 
56 
2 


h. 
2 

2 


30 
2 
25  2 

20|   2 

2 
2 
2 


6 

8 

16 

17 

»4 

*4 

*7 
29 

30 
3: 


40 
37 
*3 
5 
4 
47 
15 
23 

Ji 

o 
40 
51 

16 
35 

»5 

2 
20 

% 

o 

45 
32 

44 
8 

20 
»4 
36 

22 


Obfervatims. 


Parts  ot/cU'\ 
ed^fiohichyparts  fra 

eqtudtoth  \crmair. 
Sun's  DUm,* 


45  The  Sun^vtras  perfect  ^  theaClouds, 
The  S.  edipfed  very  lit.  at  low.  Limb 
Parts  obfcaired  above  the  Shadow  - 


20  The  Center. 


03 
»  17 

12  40 

^3  35 
37  55 
42  52 

5638 

CO 

I  19- 

3    ^ 

3  3^' 
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The  Center. 
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Vertical  Cu(pid$  were  digant  84<>. 


15  ^23  Between  the  Cufpids 


29  Between  th^  Cufpids 
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21  47  Between  Ae  Cupids 
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Greenvi^hi  <»• 
M.  fitmttt*. 
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Then 
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'then  to'  firid  the  ferror  of  tfie  Qock. 
Ho$ir^  p   BifiaitlKs  from  the 


tbeQock.  . 


Vefte:L- 


fki  U.  tbttue  ti^  hertiry 
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2;  The  Altitude  of  Aie  Sun  was  5o».    'I'he  beginning  1»a9  efepfe^  thejBun 
^Sfeii.  "'^'"fe  cover'd  i*hh  GloUds,  and  about  a  Digit  was  eclipfed. 

The  S»ftVAltitud&^ra»4f°.  i^.  »  tittle  mere  chari  7Di«t$.    hfMdxd 

The  Altitude  of  the  SuttHHsjJ^.jfcT.    TheEhd. 

3.^  The  B^innbg  of  tfife  EdJtrffe  could  riot  be  fe^n,  bfat^ai  dfediictdftom 


,^t*(Obf«r- 

vtioryj  ♦yAf. 

{!^.H.l6?!  that  of  the ^n.  It  ^as  judged  that  the  Dilatation  oj"  tte  Siin*!  light,  Inlg^ 
t-  7'5'  makb  the  Moon's  Diametet  feem  Jefs. 


caffiiiN  16*.  ^^ ^v?.^l?i  P*»?^^  T[^c  apparent  Dianietfer  bf  ihe  Mtfoni appeared  kft  than 
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4    4  10 
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4  12  25 
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J  Digit!^ 

4  25  50 
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3     2  00 
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3    10      5 
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4  37  40 
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f.  716. 
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Timt. 
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-3  53  34 

I  Digit 

a  33    2 

,6  Digits 

4-3  53 

2  Digits 

a  40  5  0 

5  Digits 

-4  -II     S 

3  Digits 

»  47  47 

4£^cs 

A  «7  4* 

4  Digits 

H  54  4* 

• 

3l%trf 

■4  -25  «♦ 

5  Digits 

3    ^  41 
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4l%lt8 
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3  20  54 
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"4"^3  4'i 
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^ 

V 
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The  9^<^!^  ^^  4^^)tP9^  ^9"^  ^W  Q]i^m|up];is  made  foon  aAcr  i^t: 
The  Moon's  Diameter  appeared  tben^ n^t'  to  b^  mpre  t^an  aboptsp'i  though 
by  ^tXybfkpf^tu^  9fil^  PwBfiter.lqiifie  Paj^3  before  apfi  aftj^r^  it  was  Judged 
to  be  31'.  30''.  ^  But  the  Extremities  of  the  Horns,  on  whicK  depended  thq 
Exaftneis  of  the  DetcniviKitiun^  app^aird  a, little  blnntjcd.    * 
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6.  The  Beginning  was  at  2\  54'.  30^   The  Eijd  « -?*•  9'.  9^  ^  Tihe  Great-  ;f* Ak;  ^m. 

OdsoftheBclipfeBt  Digits.    - ! i  Oaode,.    a.  ,. 


■jlui.ja  i: 


Pbafes. 


1  t'j  j.i:m\mA'A'l\  ><)  yii  ; 


I  Digit 
8i  Digits 
I  Digit 


By  Fiifd  Stars. 


h.  '  " 

2  45  3 

3  53  52 

4  59  go 
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kT.    But  ajt  4*.  20'.  34".  the  Diameter  of  the  5=^""  — *    "*" 
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llie  Edge  of  tkehdodtt:  a£  Ae  %iafB.  jCenter 
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TJhc  Horns  Vertical 
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CiiafleUM.    Ik 
f  •  719- 
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The  Gre$tncfs  of  the  Eclipfe  about  ^  of  the  §U]^%  pjaipctef,;  at  which 
imc  Femirtoight  be  fccn  without  jfainr   — ^^.^^^^^^ ^^^ — * 


9-  The 
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ihid. 

^tPiU}  h  R. 
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9.The  Be^nnlng  was  at  2*.  isT.  2" ;  the  End,  «t  4^  34'.  35*;   The 
Greatnefs  more'  than  8  Digits,  but  lefs  thi^  9. 


at  4i\ 


Digits, 
lipfc  wa 


10,  At  i|r\  tire  Edipfc  wasnot  begun  :  At  3^*.  at  jo  Digits  :  The  Eod 
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^r  Oxford ;  by 

Dr.Ed.  Ber. 

oard. 

N.  x^.  f.  747. 


The  Sun's  Diameter  31'.  38"  :    The  Moon's  30'.  6". 
12.  The  careful  Hand  of  Dr.  IKafUis  determined  the  40  Phafes  of  this 
Eclipfe.    Alfo  the  learned  Mr.  CafweUj  and  Dr.  Rooke  obferved  the  true  Tunc 
of  the  fame,   by  taking  fome  Altitudes  of  the  Sun/  where  our  Clocks  aod 
Pendulums  were  deficient; 
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The  End  of  the  Edipfc, 


i^.MvnJacoh  at  U/hon  noted 

The  Beginning  of  the  Eclipfe  at  i\  yf  exaAly. 

The  Eliding  at    -    •    -    -    -  4    i%. 

14.  Mr.  ^  zn^Mi^ifnemc^  tomrdi  the  middle  (^  the  Edipiet '  having  a 
Ihort  View  of  the  Sun,  they  judged,  that  about  8  Digits  were  covered;  at 
the  Ending  alfo  having  a  faint  View^thereof,  they  afligned  its  End  at  ^.  ^ff. 
p.in. 

The  fame  Eclipfe  was  obferved  by  one  Mr.  O/burn^  nigh  Tred^K  The 
Beginning  i\  37'.  30".    The  End  3^.  56.  2o'\ 

15.  Jo.  Didavicus  DoneBusj  and  'Nic.  Jgn.  Jcanettusy  meafured  the  Sun's 
IXftances  from  the  Zenith  ;  we  were  three  of  us  employ'd  in  determining  the 
Phafcs,  D,  Jo.  Galeatius  Mamius^  Her^ks  VonottuSy  and  myfclf.  The  Obfer- 
vadons  were  wrote  down  by  D.  Greg.  Mdlifardm.  And  the  Time  was  obferv'd 
at  the  Clock  by  D.  Bart.  Ferrarius. 
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It' was" 'to  be  obiervrf*  when  the  Quantity  of  ttie  Ectipie  was  Dig,  7.  20*. 
which  ought  to  have  brpjiight  o^^  no  fmajl  fObfiiftatipn  .of  the  -Air,  (as'lidtk 
b(^eh  ofteiT6bferved"m*fucH'Ecfi^^  State  of  the  ;A1j^  was  not  felifibly 

changed, fr^m  what  it  uft:d  to  Se.when  ii\c  Sun  is  atJl^Iberty.  When  midiy 
Chat  did  apt  view  ifie'Sun  Katt  a  Sliipicion/^  either  that  the  Sun  was  ttot  at.aU 
eclipfcdjjor'but  verv'ljtHe^  '  Of  this 'it  feems  to  me 'that'  no  other  Cailfe  Cm 
beanTgned^  tKain  the  great 'Qu^titypf  Clouds  illuminated  by  the  Sun,  wtrich 
were'not  very  far  from  htni:  For  the  Rays  pt  the  Sun  being  'muitiply*d  bydie 
Reflexion  and  Refraction  of  thefe,  and  thereby' become  more  in tenfe,   mighc 

pafilv  mril^p  nmftnHq  fnr  thpi  T  ir^ht  fhiat  "wafi  infprrnntpfj. 


the  naked  Eye,  yet  feems  to  be  very  pbtivenjenr  for  tl>e  ^^curatc  Determina- 
tion of  the!  Parallax,  and  Latitude  of  the  fvldbn.  ^^'^'_  ;  : 

At  L^»Jfe^, '^by1fiFlep[rateT>Blervat  the*  the 

Heavens  were  very  clear,  yet  becaufe  of  the  oblique  Incidence  of  ^tlie  Moon, 
the  Momait  of  the  beginning  could  'rtot  be  rightly  determined  :•  But  at  i\ 
i&.  the  Ecl^pfe  had,  begun  very  refmarkably.  The  middle  of  the  Eclipfe  was 
about  i\  46'/  ^^he'Cflotd  of  the  between  the  Horns, 

was  found 'to  be*^^'^o*^.  to  which  inf^ers  an  Arch  of  36**  -,  but  in  the  JDiameter 
only  i".  30''.     By  the  Agt-eenienc  of  both  Obfervators  the'^End  ^appen*d  • 
exaftly  at  q}.  3'.  .0".  ^  ^ 

At  Greenwicb.-^zt'-ihk'tCojdl  phihr'^^iaty.^Mt^.  Fhmjt^ed^iorthefkme  Rea- 
fon,  did  not  fee  the  begitong.  '^But'  he  yfetef mitred  ^he  £nd  at  2*".  4'-  15".  In 
the  middle  of  the  Eclipfe,  or  at  Ae  gf eiteft  Obfcifrktion,  the  thord  of  the 

eclipfed  Pkfitjwa&^li-^'.. !-«-      ^-       .    

^  'At  Totteridge  near  London,  Weftwardly,  Mr.  Haines^  F.  R.  S.  faw  the  Knd 
^t  2^  2'.    And  the  greateit  Quantity  was  half  a  Digit  from  the  South. 
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.  In  the  Ifland  otB^^^s^  iSLtJSridg-Mmtj  Mr.  Frank  found  the  End  at  i'«  30^ 
before  the  Sun's  height  was  2 1^  47'.  to  the  Eaft ;  that  is,  7*.  56'.  45^  By  Efti- 
mation  he  judged  the  greatcft  Quantity  to  be  two  Digits  from  the  South. 

At  Nuremberg  J.  P.  fVurtzdbaur  obferved  the  fame  Edipfe.  The  Begin- 
ning was  exa<aiy  i\  58^'.  About  the  Middle,  that  is  at  2*.  36^'.  he  faw  the 
greateft  Quantity  to  be  two  Digits  exadkly.     The  End  was  at  f,  13'.  33^ 

At  Ulm  in  Suevia^  the  Beginning  was  obferved  by  Honoldus  at  i*".  48'* 
The  greateft  Quantity  ^\  Dig.     The  End  at  f.  16'. 

At  Leipfic  by  Kirchiui^  the  Eclipfe  was  obfervable  at  2^.  id.  id'.  At  2*.  47V. 
the  Digits  were  about  14.     The  End  exadly  at  3^  15'. 

At  Wraiijlaw  in  Silefia^  D.  G.  ScbuUzius  obferved  the  greateft  Obfcuration  to 
have  been  fomething  fooner  than  3\  12' :  i^  Dig.  Eclip.  The  End  was  3*".  17'. 

XXXVI.     I.  I  did  not  fee  the  Beginning  of  the  late  Edipfe,  but  the  End  AnE^fe^^tu 
happened  here,  predfely  24'.  9".  after  10  o'dock  in  the  Morning,  apparent  f 5^ j.*3'tol 
Tiqie:  The  greateft  Obfcuration,  which  was  10  Digits  and  a  Charter,  was  ^f**^  Ar^^- 
about  7  Min.  after  9.  ,  '    ^i  ^l^'^'izs. 
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From  th(^  8th  to  the  iith  Phalis,  tlie  opake  Limb  of  %he  Moon  on  the 
Soutb-ft^e  wa$  a  little  rotigh;  but  about  the  Northern  Horn,  to  near  a  4di 
part  of  %}m  Segment^  it  was  more  fmooth  t  But  when  thq  Horns  of  the  Edipfe 
werealmoft  parallel  to  the  Horizon,  before  and  after  the  isth  Phafis,  the  Ex- 
trefjii^yoMhe'gibbousLimbof  the  Moon  looking  downward,  wasfomewhat 
enlightned,  and  of  a  kind  of  Saffron  Colour  ^  but  though  the  Sky  was. free 
from  CJouds,  yet  no  Stars  were  yifibie.  Nor  was  even  Fenus  itielt  vifible  in 
the  open  Air,  unlefs  by  forac  mcMre  iharp-fighted  than  ordinary. 

ApiiOngft  many  round  Plates  cut  out  of  thick  Paper  of  divers  Magnitudes, 
differing  from  one  another  5",' about  the  firft  Phafis,  and  after,  none  agreed 
to  th(t  Limb. of  dheMoon  but  that  which  was  cut  to  a  Radius  or  Semidiatne- 
ter  of  15'.  ^ot\  (taking  the  R^ius  or  Semidiameter  of  that  of  the  Sun  to  be 
16'.  4''*).  and  that  gradually  fo  fwelled  ox  augmented^  that  larger  Plates  were 
necelfefy to  be  made  ufe  of;  and  about  the  36th  Ph^fis,  none  fcft  than  one 
defcriljediof ^'Radius  of  iff*  sf\  would  agree  with,  or  equal  the  Appearaacc  5 
.  . ;; ,  ;:^nd  confequently,  that  the  Diameter  of  the  Moon,   about  the  ]Lnd  gf  the 
Eclipfe,  d^tj  equalize,  if  not  exceed,  that  of  the  Sun.     Befides,  in  the  27th 
'     •  -  /    Phafis  (wl^en  the  d^fcure  Part  was  6  Dig.  6'.)  the  Body  of  the  Moon  did 
pbfcure  m<>re  than  two  3ds  of  the  Sun*s  Limb  j  which  is  aji.  Argunaent  that 
its  Semidi^Taeter  at  th^t  time  was  equa,!  to  that  of  the  Sun. 
-Byifherl '».         ^^  xhfe  Eclipfe,  by  the  Obfervationj  of  Mr.  Godfred  %tiber  at  Ciza^  began  at 
^'  *'•  9\  and  enjded  ^t  <i^  35'-  ^nd  ipcreai'd  ta  ii  Dig.    By  the  Obfervatipns  of 

'         Mr.  Jacob  flonold^t  Harveljng  ne^r  Ulm^f  S^uevia^  it  began  at  8^.  55^!^  and 
ended  at  ii\  jj'.  and  its  greateft  DefeA  was  10  Dig.    Apd  by  Obfervations 
at  Leipjick^  if  b^n  at  9*".  1 1\  and  ende4  ^  iz**  38  .  30''.,    The  gr^teft  Ob- 
fcurity  wasn  Dig.  zo\  which  lafted  from  I0^  16'.  45^  jfoif  6\    Ten  Digits 
being  obfcured,  the  Sky  (being  otherwife  very  clea,r)  be^^  to  sippCAT  of  a  more 
livid  or  wajn  Complexion^  and  more  f^  than  it  ufually  looks  with  a  clear  Sky 
when  the  Spn  is  fet,  or  below  the  Horiaon,  The  Cocks  alfo,  which  had  hitherto 
crowed  very  frequently,  asif  fijenc'd,  going  to  Ropfl,  left  offcrowingi  and  did 
not  renew  it,  till,  by  the  Recpviery  of  t|ie  Sun*s  Light,  they  had  recovered  their 
former  Gaiety  and  Mirth :  However^  we  cannot  learn  that  any  Star*  belidcs  that 
of  Venus ^  was  difcover'd  by  thofe  who  were  Speft^torsof  it  in  the  open  Ain 
cksnjies  likely  to      XXXVII,  I  fomctimcs  thjnk  that  the  Earth  mgft  appear,  to  the  fuppofed 
^hfH^m'i  ^  Inhabitants  of  the  Moon,  to  have  a  diflrcrent  Face  in  the  feveral  Seafons  of  the 
M.  AuBout!      Year  ;  and  to  have  another  Appearance  in  Winter,  wJien  there  is  almoft  nothing; 
Dcc!Ann!**i66y.  &^^^  ^^  ^  ^^Y  &^^^  Part  of  «he  Earth ;  wh^n  there  are  Countries  all  covered 
'  with  Snow,  others  all  covered  with  Water,  others  all  obfcur*d  with  Cloud s» 
and  that  for  many  Weeks  together  5  another  in  Spring,  when  the  Forefls  and 
Fields  are  gireen  j  another  in  Summer,  when  the  whole  Fields  aare  Yellow,  fcfc 
Methinks,  I  fay,  that  thefe  Changes  are  cqafiderable  enough  in  the  Force  of  the 
Rcfleftions  of  Light  to  be  obferv.*d^  fince  we  fee  fp  majny  Diflferences  of  Lights 
in  the  Moon.   We  have  Rivers  confidcrable  enough  to  be  feen,  a^d  they  enter 
far  enough  into  the  Land,  and  have  breadth  capable  to  be  obftrved.    There 
are  Fluxes  in  certain  Places  tl^at  reach  into  large  Countries,  enough  to  make 
there  fome  apparent  Chaiiges  ami  ift  ibme  of  our  Seas  there  float  fometimes 
t  fuch 
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^h  bulky  Mafles  of  Ice,  as  are  far  greater  than  the  Ob}e£ts  which  we  af  e 
afitired  we  can  fee  in  the  Moon.  Again ;  we  cut  down  whole  Forefts,  and  drain 
Marihes,  of  an  Extent  large  enough  to  cauie  a  notable  Alteration ;  and  Men 
have  made  fuch  Works  as  have  produced  Changes  great  enough  to  be  p«f- 
ceivcd,  bi  many  Places  alfo  are  Vukam's  that  fcem  big  enough  to  be  diftinguiih'd, 
efpecially  in  the  Shadow.  And  when  Fire  Hghts  upon  Forafts  of  great  Exteot, 
or  upon  Towns,  it  can  hardly  be  doubted,  but  thefe  iumi&ous  Objeds  would 
appear  either  in  an  Eclipfe  of  the  Earth,  or  when  fuch  Btata  of  the  Earth  are 
not  illuminated  by  the  Sun  :  But  yet,  I  know  no  Man,  who  hath  y^  obferved 
fuch  things  in  the  Moon ;  and  one  may  be  rationally  affiired,  that  no  Vulcana's 
are  there,  or  that  none  of  them  burn  at  this  time.  This  k  is  which  all  curious 
Mqp  that  have  good  Telefcopes  ought  well  to  attend  -,  and  I  doubt  not,  but 
if  we  had  a  very  particular  Map  of  the  Moon,  as  I  had  defigned  to  make  one, 
with  a  Topcgrapby^  as  it  were,  of  all  the  confiderabfc  Places  therein,  that  we 
or  our  Pofterity  would  find  fome  Change  in  hen  And  if  the  Map^  of  the 
Moon  of  HevditUy  Divim,  and  Riccioli^  are  exaft,  i  can  fay  that  I  have  feeih 
there  fbme  Places  confiderable  enou^,  where  they  put  Pam  thoc  are  clear, 
whereas  I  there  fee  dark  ones.  'Tis  true,  that  if  there  be  Seas  in  Ae  Moon,  it 
can  handly  fall  out  otherwife  than  it  doth  upon  our  Earth,  where  Alluviums 
are  made  in  fome  Places,  and  the  Sea  gains  upon  the  Land  in  odiefS )  I  fay,  if 
chofe  Spots  we  fee  rn  the  Moon  are  Seas,  as  moil  betieve  them  to  be,  where- 
as I  have  many  Reafons  that  make  me  doubt  whether  they  be  fo.  And  I 
hav  fometimes  thought,  whether  it  might  not  be,  that  all  the  Seas  of  the  M<^on> 
if  there  muft  be  Seas,  were  on  the  Side  of  the  <^her  Hemifphefe,  and  that  fof 
thisCaufe  it  might  be,  that  the  Moon  turns  not  upon  its  Axis,  as  our  Earth^, 
wherein  the  Lands  and  Seas  are  as  it  were  balanced :  That  thence  alfo  may  pro-- 
cccd  the  Non-appearance  of  any  Clouds  rais'd  there,  or  of  any  Vapours  confi- 
derable enough  to  be  feen,  as  there  are  rais'd  upon  this  Earth  y  and  thkt  this  Ab* 
fence  of  Vapours  is,  perhaps,  the  Caofe  that  no  Crepufcle  is  there,  as  it  feems 
diere  is  none,  my  felf,  at  ledl,  not  having  been  hitherto  able  to  difcem  any  M^-fe 
thereof:  For,  methinks,  it  is  not  to  be  doubted  but  thsit  the  rejiuted  Citizens  6f 
die  Moon  might  fee  our  Crepufcle,  fince  we  fee  that  the  fame  is  without  Com- 

})arifon  ftronger  than  the  Light  afforded  us  by  the  Mochi,  even  wh^n  (he  is  full  *; 
or  a  little  after  Sun-fet,  when  we  receive  no  more  the  ftrft  Light  of  the  Sun, 
the  Sky  is  far  clearer  than  it  is  in  the  faireft  Night  of  the  Full-MoOft.  Mtzh 
while,  fince  we  fee  in  the  Moon,  when  fhe  is  increafing  or  deCreafihg,  the 
Light  fhe  receives  from  the  Earth  ;  we  cannot  doubt  but  that  the  People  of  the 
Moon  fhould  likewife  fee  in  the  Earth  that  Light  whereiii^ith  the  Moon  illu* 
minatesit,  with,  perhaps,  the  Difference  there  is  betwbct  their  Bignefe.  Much ' 
rather  therefore  ihould  they  fee  fhe  Light  of  the  Crepufcle,'  being*  as  we  have 
faid,  incomparably  greater.  In  the  mean  time,  we  fee  not  stay  faint  Light 
beyond  the  Seftion  of  the  Light,  which  is  every  whe#e  aknolt  equally  ftrorigV 
find  we  there  diftingui^i  nothing  a(t  all,  not  to  much  as  diat  deareft  Part  which 
is  call'd  Arijtarchus  or  Porfiyrites^  as- 1  have  often  tried  %  akhough  one  maj^ 
there  fee  the  Light  wMcb  the  Eartfe  fend^  thithef,  wbidi  is  focRetimes  f<yftrong, 
that  ia  the  Mo^'s  Decreafe,  I  h^M^  Often  di£bn&ly  feen  i^  (he  Partis  of  th£ 
Moon  that  were  not  enlightened  by  the  Sun,  togedier  with  the  DiiiBrcnce  ot  the 

Q^(\  2  cleat 
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clear  Parts  and  the  Spots,  fo  far  as  to  be  able  to  difccrn  them  all.  The  ^a^ 
dowsalfoof  all  the  Cavities  of  the  Moon  feem  to  be  ftronger  than  they 
would  be,  if  there  were  a  fecond  Light.  For  although  afar  off  the  Shadows 
of  our  Bodies,  environed  with  Light,  feem  to  us  almoft  dark,  yet  they  do 
not  fo  appear  fo  much  as  the  Shadows  of  the  Moon  do  ;  and  thiofc  that  are 
upon  the  Edge  of  the  Section,  (hould  not  appear  in  the  like  nunner.  But  I 
will  determine  nothing  of  any  of  thefe  Things. 
Tofini  the  prf.  XXXVIII.  At  certain  Times  agreed  on  by  two  Obfervers,  making  ufe 
lw#^/^'      of  Telefcopes,  large,  good,  and  well-fitted  for  this  Purpofe,  by  aMeafuring- 

•  •  • ' Rod  placed  within  the  Eye-Glafs  at  a  convenient  Diftance,  that  it  may  be  di- 

Teh.' An! lies,  ^^^^h  ^^^^^  andfcrvc  for  meafuring  fmall  Diftancesby  Minutes  and  Seconds, 
(which  is  ealy  enough  in  large  Telefcopes).  Let  each  of  fuch  Obfervers,  thus 
furniflied,  obferve  the  vifible  Way  of  the  Moon  among  the  fix'd  Stars  (by 
taking  her  exaft  Diftance  from  any  fix*d  Star  that  lies  in  or  very  near  her 
Way,  together  with  the  exaft  Time  of  her  fo  appearing)  and  the  then  appa- 
rent Diameter  of  her  Diik;  continuing  thefe  Obfervations,  every  time  for 
two  or  three  Hows  ;  that  fo,  if  poflible,  two  exadt  Obfervations  of  her  appa- 
rent Place  among  the  fix'd  Stars  being  made  at  two  Places  thus  diftant  in  La- 
titude, and,  as  near  as  may  be,  under,  the  fame  Meridian,  by  thefe  Obfervations 
concurring  at  the  fame  tim^,  her  true  and  exa£t  Diftance  may  be  hence  coi- 
leded,  not  only  for  that  time,  but  at  all  other  times,  by  any  fingle  Obfervatort 
viewing  her  with  a  Telefcope,  and  meafuring  exadly  her  apparent  Diameter, 
It  were  likewife  defirable,  that  as  often  as  there  happens  any  confiderabl%  E- 
-clipfe  of  the  Sun,  that  this  alfo  might  be  obferv'd  by  them,  noting  thereia 
the  exadt  Meafure  of  the  greateft  Obfcuration  compared  with  the  then  appa- 
rent Diameter  of  his  Dilk.  For  by  this  means,  after  the  Diftance  of  the 
Moon  hath  been  exa6Uy  f(Kind,  the  Diftance  of  the  Sun  will  eafily  be  deduced. 

As  for  the  Time  fitteft  for  making  Obfervations  of  the  Moon,  that  will  be 
when  fhe  is  about  a  Quarter,  or  fomewhat  lefs  illuminated  ;  becaufe  then  her 
Light  is  not  fo  bright  but  that  with  a  good  Telefcope  fhe  may  be  obferv*d  to 

Ells  clofe  by,  and  fometimes  over  feveral  fix'd  Stars,  which  is  about  four  or  five 
ays  before  or  after  the  Change :  Or  elfc  at  any  other  time,  when  the  Moon 
pafles  near  or  over  fome  of  the  bigger  fort  of  fix'd  Stars,   fuch  as  of  the  firfl 
and  fecond  Magnitude  ;  which  may  be  eafily  calculated  and  forefeen :  Or,  beft 
of  all,  when  there  is  any  total  Eclipfe  of  the  Moon  ;  for  then  the  fmalleft  Telc^ 
fcopical  Stars  may  be  feen  clofe  adjoining  to  die  very  Body  of  the  Moon. 
jiMitMfir       XXXIX.  I.  Eclipfes  of  the  Moon  are  obferved  for  two  principal  Ends  : 
]^^f  ^'  One  Aftronomical,  that  by  comparing  Obfervations  with  Calculations,  the 
Wro^j?      Theory  of  the  Moon's  Motion  may  be  perfected,  and  the  Tables  thereof  re- 
Feb!*At  ^^he  ^^^^^^  »  ^^^  ^^h^^  Geographical,  that  by  comparing  among  themfelves  the 
*  Obfervations  of  the  fame  Ecliptick  Phafes,  made  in  divers  Places,  the:  Diffe- 
rence of  the  Meridians  or  Longitudes  of  thofe  Places  may  be  difcerned 

The  Knowledge  of  the  Eclipfes  Quantity  and  Duration,  the  Shadow's  Curvi- 
ty  and  Inclii)ation,  (^c.  conduce  only  to  the  former  of  thefe  Ends.  The  exaft 
Time  of  the  Beginning,  Middle,  and  End  of  the  Eclipfes,  as  alfo  in  total 
OneS)  the  Beginning  and  End  of  total  Darknefs,  is  ufeftil  for  both  of  them. 

I  But 
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But  becaufe  in  Obfervadons  made  by  the  bare  Eye  thcfe  Times  confiderably 
diffinr  from  thofc  with  aTelcfcope  ;  and  becaufe  the  Beginning  of  Eclipfes,  and 
the  End  of  total  Darknefs,  are  fcarce  to  be  obferved  exactly,  even  wimGlalfes 
(none  being  able  clearly  to  diftinguiih  between  the  true  Shadow  and  Penumbra^ 
unlcfs  he  hath  feen,  for  fome  time  before,  theLine  feparating  them  pafs  along  up- 
on the  Surface  of  the  Moon) ;  and  laftly,  becaufe  in  fmall  partial  Eclipfes,  the 
Beginning  and  End,  and  in  total  ones  of  fmall  Continuance  in  the  Shadow, 
the  Beginning  and  End  of  total  Darknefs  are  unfit  for  nice  Obfervations,  by 
itafon  of  the  flow  Change  of  Appearances,  which  the  oblique  Motion  of  the 
Shadow  then  caufeth :  For  thefe  Reafons  I  Ihall  propound  a  Method  peculiarly  .  • 
defign'd  for  the  Accomplifhment  of  the  Ge(^;rapbical  End  in  obfiu^ing  Lunar 
Eclipfes,  free  (as  far  as  is  poffible)  from  all  the  mentioned  Inconveniencies. 

For,  Ftrft^  It  fhall  not  be  prafticable  without  a  Telefcope.  Secondly^  The 
Obferver  fhall  always  have  Opportunity,  before  his  principal  Obfervation,  to 
note  the  Difkindtion  between  the  true  Shadow  and  the  Penumbra.  And,  Tbird- 
\)y  It  {hall  be  applicable  to  thofe  Seafons  of  the  Eclipfe  when  there  is  the  fud- 
deneft  Alteration  in  the  Appearances.     To  latisfy  all  which  Intents, 

Let  there  be  of  the  eminenteft  Spots,  difper«*d  over  all  Quarters  of  the 
Moon*s  Surface,  a  feleft  Number  generally  agreed  on,  to  be  conftantly  made 
ttfc  of  to  this  purpofe,  in  all  Parts  of  the  World.  As  for  Example,  thofe 
which  M.  Hevekus  calleth  M.Sinai^  M.  jEfna^  M.  Pcrpbyrifes^  M.  Sirorum^ 
InJ.  Befincus^  Inf.  Creia^  Palus  MeotiSy  Palus  Maraotis^  Lacus  Niger  Major. 

Let  in  each  Eclipfe,  not  all,  but  (for  Inftance)  three  of  thefe  Spots,  which 
then  lie  neareft  to  the  Eclipdck,  be  exaftly  obferv'd  when  they  are  firfl:  touched 
bjr  the  true  Shadow  ;  and  again,  when  they  are  juft  compleady  entred  into  it ; 
and  (if  you  pleafe)  alfo  in  the  Decreafe  rf  the  Eclipfe,  when  they  are  firft 
fully  clear  from  the  true  Shadow,  For  the  accurate  Determinations  of  which 
Moments  of  Time  (that  being  in  this  Bufinefs  of  main  Importance)  let  diere 
be  taken  Altitudes  of  remarkable  fix'd  Stars ;  on  this  Side  of  the  line,  of  fuch 
as  fie  between  the  jEquator  and  Tropick  of  Cancer ;  but  beyond  the  Line,  of 
foch  as  are  fituate  towards  the  other  Tropick  \  and  in  all  Places,  of  fuch  as  at 
the  Time  of  Obfervation  are  about  four  Hours  diftant  frona  the  Meridian. 

2.  The  Eclipfe  of  the  Moon,  Oaob.  29.  An.  1697,  was  obferved  at  i?^- ^.  ^- >•  ctf. 
Urdam  with  a  Telefcope  of  almoft  four  Paris  Feet,,  with  a  convex  Eye-Glafs,  N?'^3t  ^  i^ 
in  whofe  Focus  were  four  Threads  crofling  in  the  Axis  at  r^ht  Angles  and 
half  right  Angles,  for  meafuring  the  Phafes,  and  determining  thefituation  of 
the  Lunar  Spots*  This  Telefcope  was  fupported  by  a  Fulcrum  having  its 
Axis  in  a  parallel  Situation  to  the  Axis  of  the  World,  that  afer  it  was  di- 
rcded  to  the  Moon  for  the  Obfervation  of  one  Phafis,  for  obferving  other 
Piafes  it  might  turn  about  to  the  Weft  along  the  Path  of  the  Moon.  So  it 
was  firft  directed  to  the  Moon,  that  continuing  immoveable  the  Northern 
Limb  of  the  Moon,  by  its  Motion  to  the  Weft,  might  touch  ewe  of  thefe 
Threads,  which  therefore  we  faid  was  parallel ;  tho*  becaufe  of  the  Motion 
of  the  Moon  in  Declination,  blended  with  the  much  fwifter  Motion  of  the. 
Moon  to  the  Weft,  it  declined  fomething  from  the  Equator,  whilft  the  Diik  oi 
the  Moon  fell  fucceflively  upon  the  three  other  Threads.    The  middle  one  of 

thefe: 
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thefe  thnse  Threads,  making  right  Angl^  with  the  Parallels  tve  oaty  call 
the  fh^itt  perpendkmlaTy  and  vertical  Thread  v  the  ocker  two  oblique  ooe^ 
of  which  we  call  that  the  firft,  upon  which  the  Moon  falls  firft,  the  fccond 
oblique  one  iTpon  whkh  the  Moon  &1U  afbfwaiids.  At  the  beginning  of  the 
Eclipfe,  when  the  moft  Northerly  Point  of  the  Moon  was  UDt  jet  iitunerfed 
in  the  Shadow,  we  adapted  it  to  the  parallel  Thread.  Then  after  this  Poim 
was  immerfed  in  the  Shadow,  wa  acUipted  the  moft  Southern  Point  of  the 

F(g'  I17-  Moon  to  the  ftme  Thread.  Whence  ic  is  tliat  the  Thread  which  at  the  be^ 
ginning  was  (irft,  in  the  determiniiifg  the  other  Phafes  was  laft,  and  that  be- 
came the  firft  which  before  was  iaft.  Now  whi^  the  Limb  ot  the  Moon  de- 
fcribed  the  parallel  Thread,  the  Center  of  the  Moon  mufl:  be  fuppofed  to 
defcribe  the  Lunar  Path  parallel  to  this  Thread,  which  was  cut  by  the  other 
three  Threads.  And  the  Portions  of  this  Path  are  fuppofed  proportional  to 
the  times  in  which  the  Center  of  the  IMLpon  paflfes  over  them ;  for  the  imequa* 
lity  of  the  proper  Motion  blended  with  the  upiveifal  Motion  in  a  fmaU  time 
is  not  perceivable.  Therefore  when  the  Limb  of  the  Moon  defcribed  the 
Parallel,  by  the  help  of  a  PenduJwm-Clock  which  beforehand  had  been  fct  to 
the  Scin,  the  Time  of  the  approach  of  fome  of  the  Lunar  Spots  was  obierved, 
and  atfo  of  the  Lunar  Hotns,  ta  any  of  thefe  three  Threads ;  and  it  was 
found,  that  at  the  time  of  the  faid  Edipfe  the  Moon's  Diik  [ufled  through 
the  upright  Thread  in  2'.  24''.  and  through  the  oblique  Threads  in  3'.  «4". 
and  therefore  the  Semidiameter  iof  the  Moon  pafled  through  the 
Thread  in  i'.  12".  but, through  the  oblique  ki  i\  42" ;  the  difference  * 

1%.  iftS.      Tranfit  being  jo".    Hence  one  Appulfe  of  the  Mk)on  being  obfervtd*^ 
of  thefe  Threads,  or  one  Egre&,  all  the  others  are  given  to  the  other  '^ 
The  Semcdiameter  of  the  Moon  AB^  lying  in  the  Lunar  Path  AI 
pafTes  through  any  one  of  its  Points  while  the  Center  A  runs  ovtmSpi& 
AB  equal  ta  i^;  as  another  Semidiameter  AK,  making  a  right  Angle  Widt 
another  Line  NCK  at  the  Point  K,  in  which  therefore  it  will  touch  the  Moon 
in  K,  declining  from  its  Path  by  die  Angle  KCA,  pafTes  throi^h  the  TlWtad 
CK,  while  the  Center  of  the  Moon  paffes  through  the  Line  AC,  which  Ip 
the  Hypothenufe  of  the  right-angled  Triangle  AKC.    And  the  time  of  tHe 
Tranfit  of  the  Semidiameter  AB  through  the  Perpendicular  Thread   dut 
touches  the  Moon  4n  B,  to  the  Tranfit  of  the  Semidiamer  AK  through  the 
obHque  Thread  NCK,  as  AB  or  AK,  the  Sine  of  the  Angle  ACK,  to  AC 
the  Sine  of  the  right  Angle  or  Radius.    Therefore  the  Thread  NCK  maldng 
half  a  right  Angle  KCA  with  the  Path  of  the  Moon,  alfo  the  Angle  KAC  in 
the  right-angled  Triangle  will  be  half  a  right  Angle,  and  therefore  the  Sides 
CK  a^  KA  wilt  be  equal  y  the  right  Tranftt  according  to  AB  will  be  to 
the  Tranfit  of  the  Semidiameter  AK,  through  the  oblioue  Thread  NK,  as 
the  Sne  of  half  a  ri|^  Angle  to  the  Sine  of  a  right  Angle,  as  707  to  1000^ 
or  as  7a"  to  loa",  or  i'.  42"  nearly,   as  was  obferved.     The  Path  of  the 
Center  of  the  Moon  being  AH,  to  die  Semidiameter  of  the  Moon  perpendi- 
cular to  AM,  MNO  being  drawn  parallel  to  AH,  it  will  be  congruous  t<> 
the  Thread  which  the  Limb  of  the  Moon  touches  by  its  Motion  to  die  V^cft^ 
which  will  be  cut  by  the  oUt^ae  Threads  NCK  and  NGI,  and  by  the  up^ 

right 
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ng^e  Thread  NEF  in  the  Tckxt  N,  where  the  Axl&  of  the  Tefefcope  ptiSks. 
Ami  with  ^efe  Threads  the  Lunar  Orbit  will  make  two  right-angled  Tri- 
mbles NEC,  NEG,  which  are  fuppofed  to  have  half  right  Angfes  at  the 
Points  N,  C,  G ;  they  are  therefore  uke  and  equal,  and  have  their  Sides  C£, 
EG,  EN,  equal  to  the  Semidiater  of  the  Moon  AM.  If  on  each  fide  <rf*  the 
feterfcaions  C  and  G,  be  tiJcen  in  the  Threads  OC,  CS,  GI,  GR,  equal  to 
4e  Semidiameter,  and  ^CA,  CF,  GD,  GH,  in  the  Orbit  equal  to  CN,  and 
AKi  FS,  DR,  HI,  are  joined  5  thcfe  will  all  be  equal  to  one  another,  and 
at  the  Threads  will  make  right  Angles,  at  K,  S,  R,  I.  Wherefore  the  Center 
of  the  Moon  being  in  A,  the  MoOf>  will  touch  the  firft  oWique  Thread  inK, 
and  after  the  Center  of  the  Moon  conies  from  A  to  C,  its  Semidiameter  will 
coincide  with  the  Line  CE,  and  therefore  the  Moon  will  touch  the  upright 
Thread  in  E.  But  after  the  Center  of  the  Moon  Ihall  come  from  A  to  D,  it 
will  touch  the  fecond  oblique  Thread  in  R.  But  AD  is  equal  to  die  Moon's 
Diraieter ;  for  fince  GD  is  equal  to  CA,  adding  DC  we  fhali  have  AD 
cqyal  to  GC,  which  is  equal  to  the  Moon's  Diameter.  And  fince  GD  is 
equal  to  CF,  if  from  thefe  are  taken  Equals,  GE  and  EC,  then  FE  will  be 
eqnal  to  ED,  and  will  be  the  double  of  DF ;  and  will  be  only  from  the 
firft  Contaft  of  the  fecond  oblique  Thread  in  R,  to  the  laft  Contaft  of  the  firft 
«biStiue  Thread  iji  S  j  and  after  the  Center  of  the  Moon  has  gone  on  to  G,. 
4^tbe  diftance  of  one  Semidiameter  EG,  the  Moon  wiH  finally  touch  the  up- 
ri^  Thread  in  E.  The  Center  going  on  frcwn  G  to  H,  the  Moon  hcrfelf 
wfeially  touch  the  fecond  oblique  Thread  in  I.  Suppofing  therefore  the 
;  Tranfit  of  the  Moon  to  be  2.  24'.  as  it  is  obferved  to  be ;.  and. 


Sl^nifing  the  Center  at  A^  and  the  Contaffe  of  *  the  firfl^ 
«([lcpi6  Thread  atK ...o 

lieCenter  of  the  Moon  will  be  at  C,  and  will  touch  (firft) 

_jAc  upright  Thread  at  E  -     -    -    -    - i  42 

^«p  Center  will   arrive  at  D,  and   will  toudi  (firft)  dxc 
ftcond  oblique  Thread  at  R------     ---a  24 

Tiht  Cefiter  of  the  Moon  will  be  at  E,  the  intermediate 
perpendicular  Thread 2  54 

T&'C^ter  will  arrive  at  F,  and  will  touch  (laflly)  the  firft 
^oblique  Thread  atS--- -3.^4 

T&  Center  will  be  at  G,  and  will  touch  (laftly)  the  up- 
right Thread  atE------ 4 

Finally  it  will  be  at  H,  and  will  touch  (laftly)  the  fecond 
upright  Thread  atl 5  48' 


D.r. 
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Ibnce  the  Obfervations  in  this  Edipfc  generally  correlponded  with  the 
Calculation  within  one  Second.  Therefore  it  was  uifficient  in  one  Phafis  to 
ohferve  two  of  thefe  Tranfits,  in  the  reft  one,  that  all  the  reft  might  be 
knowzL  As  to  the  Lunar  Spocs,  the  Tranfit  of  the  preceding  Limb  of  the 
M  K)a  and  of  the  Spot  through  the  upright  Thread,  is  compared,,  to  have  what   f^.  %a^ 

is 
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is.  called  the  Difference  of  the  Longitudes,  of  the  SpotTroni  the  preceding 
Limb.  •  And  the  upx^ht  .X^anfit  of  tbe>SpotJ$  compared  with  the  Oblique, 
to  have  the  Difference,  which  is  equal  to  the  Diftanteidfc-  the  Way  of  the  Spot 
from  ;:he  Path  of  the  moft.^^lorthern  or*  Southern  Poi«t  .touching  the  parallel 
Thread.  JPor  fince  the.  Way  of  the  Spot  ABC  is  parallel  to  the  Way  of 

J^g.  130.  the  Limb  DE  F,  it  makes  the  fame  haif  right  Angks,at  A  and  C  with  the 
fame  Threads,  and  right  Angles  at  B;.  whence  the  Angle  at  A  is  equal  to  the 
Angle  at  C,  and  the  Side  B  A  equal  to  the  Side  BE^  which  is  the  Latitude 
of  the  Spot  B  from  the  Thread  F  E  D.,  But  the  Longitude  and  Latitude 
of  the  Spot  being  given,  its  Situation  in  the  Moon  is  given  alfo.  For  a  Square 
being  defcribed  about  it  whofe  Side  is  A  B,  let  it  be  fuppofed  to  become  con- 
gruous to  the  parallel  Thread,  and  let  it  be  divided  into  fo  many  equal  Parts, 
,•  as  the  Moon  pafles  through  the  upright  Thread  in  Seconds  ;  and  let  the  Sides 
AC,  B D,  perpendicular  to  the  Thread,  be  divided  in  like  manner  fnto  as 
manyraual  Parts.  The  Longitude  AE,  CF,  being  taken  in  die  Par^kls, 
and  F E  being  drawR,^ and  in  the  Perpendiculars  the  Latitude  AG,  B  H, 
which  we  fay  is  equal  tq  the  way  intercq)ted  between  the  upright  and  oblique 
Thread;^-,  the  Sit^atiojo  of  the  Spot  M  is  determined  by  the  common  Inter- 
"  feftion  of  thefe  right  Lines. 

As  to  what  concerns  the  Horns  of  the  Moon  in  the  Eclipfe,  they  may  be 
determinM  by  their  Longitude  alone,  if  it  be  but  known  in  whatSemiaide 
North  or  South  they  are.  As  the  Horn  I  by  the  Longitude  AE  or  CF. 
For  the  right  Line  FE  cuts  the  Moon*s  Umb  in  two  Points  L  and  I,  one  of 
which  is  in  the  Northern  SjCmicircle,  the  other  in  the  Southern.  It  majradfd 
be  determined  by  the  Latitude  alone  AK  or  B  M,  if  it  be  but  known  in  what 
Semicircle  E^ftern  or  Weftern  the  Point  I  is  fituate.  But  of  the  Lines  of  Lon- 
gitude and.  Latitude,  that  wjU  determine  the  Situation  of  the  Horn  more  cx- 
aftly,  which  is  nearer  to  the.  Center  ;  as  there  the  Point  I  is  more  exactly  de- 

^-  '3'-  termin'd  by  the  Longitude  than  by  the  Latitude.  And  on  the  contrary,  the 
Point  O  is  more  exaftly  determined  by  the  Latitude  than  by  the  Longitude ; 
and*  that  becaufe  ,of  the  leffer  Obliquity  of  the  right  Line  to  the  Circum- 
ference, by  which  it  is  brought  about,  that  a  fmall  Variation  of  Diftance  is 
more  fenfible  in  the  Circumference,  In  another  manner  the  Situatidn  of  the 
Spots  and  Horns  of  the  Moon  may  be  determined  by  the  oblique  Tranfits,  if 
the  Line  AiD,  parallel  to  the  Moon's  Path  P  (^touching  its  Limb,  be  made 
the  Diameter  ot  a  Square  circumfcribed  about  the  Moon,  which  is  divided 
into  fo  many  equal  Parts  as  the  Moon  pafles  through  the  oblique  Thread  in 
Seconds  j  as  in  this  Eclipfe  into  204.  CM"  this  Square  the  two  Sides  A  C,  B  D, 
will  reprefent  the  firft  oblique  Thread,  as  being  parallel  to  it ;  the  others  A  B, 
C  D,  will  reprefent  the  iecond  oblique  Thread.  Now  the  Difference  being 
taken  between  the  Tranfit  of  the  preceding  Limb  of  the  Moon  and  Spot  M 
through  the  oblique  Thread,  in  horary  Seconds  from  the  preceding  Angle 
from  A  to  T,  and  through  T  the  right  tine  E  F  being  drawn  parallel  to  the 
Side  A  C  ;  and  in  hke  manner  from  the  fame  Angle  A  taking  the  Difference 
between  the  Tranfit  of  the  preceding  Limb  K  and  the  Spot  M,  through  the 

fecond 
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lecbnd  oblique  Thread  A  B,  as  AT  -,  through  the  Point  V  let"  tHTrlghT  Liiic 
GVH  be  drawn  parallel  to  the  Side  AB;  it  will  reprefent  the  .fecoiid 
oblique  Thieail  cuttiiig  the  former  in  the  Point  M,  and  will  thcire  detertniiie 
the  Situation  of  the  Spot.  In  the  fame  manner  will  be  determined  the  Situa- 
tion of  the  Horn  E,  by  the  Difference  of  its  Tranfit  and  of  the  Limb,  through 
the  firfl:  oblique  Thread*  taken  in  the  £)iagonal  as-AJT^  .the.  Situation  of  the 
Horn  H,  by  the  Difference  of  its  Tranfit  along  the  fecond  oblique  Thread 
AB,  as  A  V,  and  drawing  throuah  Va  ri^ht  Line;  G^  parallel  to  the  Side 
AD;  if  it  be  known  whether  Se.Horn  be  in  the  precedent  or  fubfequcnt 
Semicircle. 

XL.  The  Tables  did  not  indicate  m\EcUpfe^f£  the  Mo(tm,jMbL2^x  iN*  S.)  AnEcu^fe  of  the 
1665.  but  tho'  the  Sky  here  was.  very  clear,  yet  the  Moon  was  not  at  4ll^;ji'],f^^J 
obfcqred  by/ the  trOe\§hj:dow,  but  ^tred  only  a  little  int.o^  the^Pcnum- wck;  f^Af.Hc- 
Itfa,  wherein  it  continued  50'.     The  Beginning  of  its  touching  tfie^PenuDji-  ^*^'  ^  ^^g 
bra  did  then  almofthappen,  when  ^ji^  was  elevated  36^  1 8^    .  ::r    . 

XLL  In  .the  Eclipfe  of  June  16,  (it.^.)  i666,  the  Mi  Pbafis  oi   \  pfg.AnEcmfe^fthe 
45.  appeared  in  the  Moon's  Altitude  of  ;fc°,.3o'oKhcn.the  greateiLObfcum- ;^;7i5|^^^ 


ratioji.  was  a^eady  paft.    The  End  fell  out  9\  27'.  about  120**.  from  the  Zt-  Hweiim. 

N.ai.p.  37,. 


nithWeftward.  '  i  .....;|-;::   1    ^\IY^I 


•  ao^j. 


XLII.  On  die  29th  of  Sipfemter  -n^w  Style,  An.  1670.  in^the  MoJ-Rfng^^-^'^/ief^A* 
the  Beginning  of  this^clipfe  happened  at  z\  22'.  tho'.  this  could  haoUy  be  w<T67o?^!m'. 
oWcrvcd  very  accurately,  becaufe  of  the  very  thin  Shadow  of  the  Eartk,  ..Fbr  !!«]^*>*"»- 
during  the  Eclipfe  the  Shadow  of  the  ^arth  was  fo  very  thin  and  dilqte^  tli  at  '  '*  ^* 
I  could  fee  very  well  through  it  all  the  principal  Spots,  with  my  twenty- fobt 
Tube,  and  even  with  ihorcer. 

The  grcateft  Qbfcuration  fell  at  3;^.  50'.  The  End  at  5\  2  C  ^.Sft. that  tjie 
whole  Duration  was  2^.  59',  and.  the  Quantity  hardly  more  than  9  Digits. 
About  the  Middle  of  this  Eclipfe,  at  3^  40'.  1  faw  very  plainly  a  certain 
unknown  little  Star,  which  <:outd  be  jfeen  only  with  the  Tube,  covered  by 
the  Moon  near  the  greater  black  Lake ;  but  I  could  not  fee  it  come  out  agaiip. 
When  the  Eclipfe  was  ended  it  was  a.  very  pleafent  Si^t  to  fee  the  two 
Luniinaries  both  above  the  Horizon  together :  For  the  Sun  arofe  before  the 
Moon  was  fct  The  other  Things  that  were  remarkable  may  be  found  in  the 
following  Table. 


Vol.  I.  R  r  .  7J<? 


(  3o6  ) 


tj-. 


OPbafescftbe 
fe-  Moon  obfer^ 
^    ved  with  a 
^    Tdefcopi. 


The  ohjervtd  AUu 
titudes. 


Times  cor- 
reSkdby 

tuies. 


fbU^s  okfifvabk. 


«5> 


Swan*sTMl5o'.54'. 
SwfttfsTail-50  25 
OiPoUux-n.%6  39 
Of  Pollux  U  27  16 


Begi  Pemim, 
Beg.  Efclipfe, 

I 

2  2i  . 


12   8 
12  11 


28 

33 


34 
32 
56 
»7 


2  10 

2-  22 
2  3^1 
2  36 


^clipfe  began  in  upper  Parts 

of  uie  M.  about  Sin.  ^^/Mr. 

Shadow  (kkn'd  bjr  Sin.  .^pvL 

and  Mar.  Perplyr. 
Lac.Nlg.Mdj.  beg.  to  be  cov. 


3  3i 


43^fom.more 
(J  5  Dig.  nearly 


'''?'f^Dig. 

96i 
lb  6^ 


2  41 

2  45 
2  49 

2  53 


40 

50 
o 

o 


Shadow  reach'd  dielfleof 

Corfica. 
Pabts  Meotis  and  M.  JEmx 

plainly  cover'd. 


2  57    o  Infid,  Be/bic.  and  Inf.  Mura 
330     cover'd. 
350 

3  8  3o/«/IM(r&ibeg.tobecovci'd 


II  7t 


12 

13 

14 


»5 


7i 
7i 
8i 


84 


16181 
17  8t 


3  'i 

3  10 
3  20 
3  25  30 


/)«/«il  Rhodus  cover'd. 


3.  29  o 
3  33^40 
3  37  50 
3  40    o 


hfiil.  Mq/.  Cajp.  was  cover'd 


18 


19 

20 
21 


8)9  pig. 
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9  fomet  lefs 


81. 


22 


Si  nearly. 

8  (bme.  more 
7V 


27  64  nearly 


2S 


29 


3» 


(XPoSux  n  49».  50', 


7t 
6i 


5t 


4i 


30  4  Dig. 


3t 


31  2i 


2t  nearly". 


33 
34  It 

35 


li  Dig. 


End  Eclipfe, 
End  PenuTtib. 


Lion's  Heart  25*48 


Sirius  1 8*.  54'. 


3  47 


3  51  JO 
2  57 

4  I  40 


o|Greateft  Obfcurat.  emended 
itfelf  thro*  J.Ut.  icM.jfl?er. 
Pal.  Mareotii  under  die  Sec- 
tion of  the  Shadow. 


4 

4  10  28 

4  " 

4   17   20 


cllflands  Af^;/?^  and  Rhodes 
came  out  of  the  Shadow. 


4  «2  25 

4  27  3^ 
4  33  40 
4  S7  37 


4  44 
4  50  56 

4  54    0 
,4  57    o 


5  I  2 

5  4  45 

5  7  43 

5  '6  50 


24 
28 


Mir.  PorpfyrUes  began  to 

be  illuminated. 
The  Shadow  had  now  left 


46  M. 


Argentir.  ^d  Inf.  Befiic. 
were  illuminated. 


3  Shadow  had  aln\oft  pafs'd 
the  whole  Kland  CafpM^^y 


5  21  25  The  end  happen'd  about  the 


32I 


Riphean  Mountains. 


I 


XLni.   I.  On  Sept.  8.  1671.  about  fix  in  the  Evening,  the  Moon  rofe  to-  A&^^./tw 


tally  obfcured  at  U8on  in  Noriban^onfiure^  167 1.  ^  .^^.^ 

It  b^;aa  to  emerge  out  of  the  Shadow,  the  Center  of  the  Moon  being  9°.  h'^f-  ^f^a.' 

35' high,  or  at  7».  18'.     .  n.,*.,.,*,,. 

At  the  End  Jr^urui  vias  16'.  30'.  high,  or  at  8*.  i6'.  20".    Whence  the 

middle  of  the  Eclipfe  is  computed  to  be  at  6*.  28'.  1 6". 

"     '      \\      ' 

2.  TheEtfierfioB":  Alt:  of  theupper  fidge  of  the  Moon    10  30    7    21    j^.^Sm^a^ 
The  End  of  the  Eclipfe :  Alt.  of  Arcturm  '  16  2d  J  8     164 

3.  7*.  27^',  I  iirft  oblerved  the  Moon  eclipfed  when  it  began  to  be  en-  ^  or.  Hook, 
ghtoed,  the  total  Dar knefs  being  already  paft.  The  Shadow  palled'  through  *** ''" '-  **'*' 
t  middle  of  the  Spot  called  hyiievelius,  M.  Porpl^rm, 

Rr2  7*49' 


*'.^  :. 


At  Ptrif ;  kf 
M.  BuU'ialdus. 
N.7J.P.2273. 
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y\  4^::1^C  Shadow  paffed through  the nriddte  of  M'^i/ziy^  thron^the 
middle  of  the'Eaftermoft  of  the  three  Lakes  called  JMare  Adriaticutn^  and  juft 
touched  the'Rldge  of  the  Apmnipe  Mouqtains. 

:  7^-  54'-  It  pafledthe  piiddleof  the  /.  Be/hi cus  in  the  Propontis. 

'  8*.  oi'.  It  paffed  through  the  Streigbts  of  the  Pontus  Euxinus^  at  the.  Pro- 
vtionX.or\tz  Acherufia  2in6,  AriJieS),  .  *    ... 

8^.  6  J.  It  touched  the  Palus  Misotis^  which  P^/«j  Maotis  was  then  diftant 
from  the  Limb  of  the  Moon,  next,  adjacdnt,  one  third  part  of  its  fhorter  Dia- 
meter or  Breadth.  '  •  '  ^  '         •    , 

8^.  if 4  Irhe  Shadow  went  off  the  Body  of  the  Moon  iiipon  the  inncr- 
moft  Liriib-line  of 'Hevelius^s  large  Chart  of  the  Moon  at  the  25th  Divifion, 
juft  without  the  7.  My^r  of  the  Cafpian  Sea.  The  dulkiflx  PenumiraTdi  not 
the  Limb  of  tTie  Moon  quite  without  feme  kind  of  Darknefs  till  8^  29' ;  at 
which  time  IToun^  that  that  fide  ^  of  the  Moon  which  the  Shadow  laft  left, 
was  full  as  light  and  clear  as' the  other. 

About  four  or  five  Minutes  ^fter  the  Shadow  was  gone  ofi^,  I  perceived 
a  faint  Rcprefcntarion  of  Cplours  upon  diat  Part  of  the  Body  of  tne  Moon 
which  was  mpft  afFefted  with  the  Bemmtraj  fomewhat  refembling  the 
Colours  of  a  faint  Halo  about  the  Moon  j  this  grew  fainter  and  fainter,,  and 
after  a  few  Minutes  was  no  more  vifible.!  It  did  not  feem  to  be  caufed  by 
any  Clouds  or  Exhalations  in;  the  Air,  i  the  Sky  near  the  Moon  being  verjr: 
clear,  and  the  faid  Colours  not  appearing  any  where  but  upon  the  dulky 
part  of  its  Pha.fis..  Poffibly  it  might  be  cauied  by  the  Rjeffa^ion  of  the 
Light  of  the  Sun  through  the  Atmpfphere  about  the  Earth. 


4.  the  End  was  obferved,  when  the  Altitude  of 

ArSurus  to  the  Weft  was 

Subtrafting  the  Refraftion,  his  Height  was   -  * 

Hence  is  given  the  End  obferveid 

The  End  of  the  Penumbra^  the  Height  pf  Arliurus 

.  being. -...-- 

Correfted      ----------- 

Whence  is  given     -     -.-----. 

M^eotis  was  obferved  wholly  out  of  the  Shadow  • 
The  Altitude  of  ArSurus  was    ..---. 
Correfted      -•-      -     - 


h. 

/ 

rr 

8 

29 

16 

8 

33 

40 

8 

24 

16 

13 
13 


41 

37 


45 


12^56 


14  26    o 

14  23  55 

The  Moon  came  out  of  the  Shadow  over  againft  Petra  Sogdiana^  by  Heve^ 
liuj's  Map. 

5.  At  8^  30'.  a-Clock,  through  the  opening  Clouds,  which  were  pretty 
thick,  we  perceived  the  Moon  fomething  obfcurely,  and  fo  much  enlightned, 
tha!t  one  would  have  thought  the  Eclipfe  had  been  over  already.  Thence  it  was 
certain,  that  the  total  Obfcuration  was  then  pafs'd  atleaft,  or  rather  foinething 
foonen  For  that  the  Moon  was  come  again,  we  could  all  perceive  plainly 
enough  through  the  Clouds.  .  So  that  the  Eclipfe  muft'  have  appeared  in  the 
Heavens  above  half  an  Hour  fooner,  than  Kepler* s  Calculation  made  it.  At 
8*".  34'.  I  obferved  the  Moon  had  freed  herfelf  from  the  Shadow  a  whole  Digit 
at  leaft ;  and  again  at  g\  41'.  the  Light  of  the  Moon  had  increafed  to  ij  Di- 
git, as  near  as  we  could  judge.  6.  Wc 


(  '309  ) 

,.^  .We  found  here,  as  Mr.  Hevelius  liad'Jone at  Dantzick,  that.thfiLiJ«^^A  f^^^^^ 
ftine  Tables  were  out  in  the  late  Eclipfe-    We  found  here  alfo,  that  the  Mooii  &a  p.  ^33/' 

emerged  our  of  theShadow  of  fhe  Earth  before'nme  a-€lock.  '\ 

hi         »    ^    ^ 
i  •   • 

XUV.    I.  The  beginning  of  the  true  Shadow 

Thelmmerfion 

The  Emerfion 

The  End  of  the  true  Shadow 


5. 

22 

6' 

19 

7 

58 

•8 

58 

,  jlnEcnpfi»ftk$ 
.  l/oM,  Jan.  X. 

1674-5.  St 

Loodon;  iy 

Dr.  Hook. 

K.iji.^.i37« 


The  Penumbra  was  feen  to  continue  near  half  an  Hour  before  it  wholly 
quitted  the  Body  of  the  Moon.  ,;  J 

2.  Mr.  Flamjieed  obferved  the  Beginning  of 'the  Entrance  of  dit  true  Sha-  -*/  Derby;  h^ 
dow  h.  5.  and  19'.  M^mSk^. 


,  The  beginning  of  the  true  Shadow,  Height 
of  Capella         -         -  «  -         . 

The  Immerfion,  Height  of  C<a^^//tf 
The  Emerfion,  Height  of  Cap.  PoUuc. 
End  of  the  true  Shadow,  Height  of  Sirius 


0   ' 

h.  '  ". 

52  26 
62  8 

43  46 
20  47 

5  32:29 

^  33  3 

8  9.30 

9  10  0 

^^'Parit;  h 
iKf.  Bu]llaldus« 
lib'4.i».  338. 


4,  At  s^.  12'.  in  the  Evening,  in  the  Royal  Ohfiroaiory^  they  began  tb-rf^Pim;  hy 
perceive  that  the  Oriental  Part  of  the  Moon,  by  little  and  littlie  loft  its  Light  j  ^;^^m, 
\o  that  at  5*.  25'  they  faw  a  manifeft  Penumbra:  Then  at  5*>,  32^  50".  theRoemw. 
Limb  over-againft  the  Spot  called  Hevelius  grew  fo  dark  that  they  all  agreed  ^JC^^^y,. 
that  this  was  the  true  Beginning  of  the  Eclipfe.    At  8^  /.  one  of  the  Obfer- 
vers  believed  the  Emerfion^  another  at  8**.  8'.  and  the  third  at  8\  cT.  30''.  but 
afterwards  confidering  the  Emerfion  of  the  firft  Spots,  they  all  ef&emed  it  at 
8\  8'.    At  /.  21'.  the  Southern  Limb  of  the  Moon  was  comeclofetoa 
Telefcopick  Star :  At  8**.  cf.  20''.  another  Star  yet  lefs  than  the  former,  came 
out  of  the  darkeft  Side,  almoft  over-againft  ^tSi^ot  Langrenus.    At  9^  9'. 
40^  all  the  three  Obfervers  agreed,  that  the  Moon  then  came  out  of  the  Shaf- 
dow.    The  Diameter  of  the  Moon,  being  meafured  before  the  Eclipfe,  was 
of  32'.  i^'. 

,  The  Times  were  noted  by  great  Pendulum  Watches  ydiBt  had  been  adjufled 
by  the  Sun  the  fame  Day,  and  that  were  afterwards  verified  the  next  Day  : 
fiefides  that,  before  the  Eclipfe,  at  4\  45'.  f\  by  the  Watches^  the  Star- 
Capella  was  45  Degrees  high  towards  the  Eaft. 


StM^i. 


Time. 


h. 

5 

5 

5 

5 

5 

.5 

5 

5-^ 

5 

5 

5 

5 

5 

6 

6 

6 
6 

e 

6 

■.<6 
:6 
,6 

6. 

6 

6 

6 

'.6 

8 
8 
8 
8 
8 
8 
8 
8 


36 

45 
46 

4« 

53 
5* 
54 
54 

55:: 


50 
00 

30 
00 

00 
00 

«5 
40 

05 


57:40 

59  95 
01  |o 

02;  40 


03  50 

04  JO 
09  00 
12  061 

1^45 

14  j& 

15  45 

24  50- 
2(6  00 

25  J 

25  4<J» 
30  5 

35. 4«. 


Beginniftg  oyer-againft  the  Spot  Heyelitu. 

The  firft  Spoil  of  Grimaldi.    Palus  Mar.aotis. 

The  fecond  liimb  of  Grimaldi. 

The  middle  of  Ariftarcbus,    Mom  Porfbyriies. 

Merjenms, 

Herigone. 

Heraclides. 

The  firft  Luids  c£  Copemiau.   jEtmi, 

The  middle  of  Copernicus. 

PitbeaSy  'or  Hiera  Infula. 

The  fecond  Limb  of  Copernicus. 

The  firft  Limb,  of  Timocbaris.    Corfiea. 

The  fitfl  Limb  of  the  Sinus  Medius  Mfiwm.    Adriatick  Sea, 

The  middle  of  the  Sinus  Medius. 

Xhe  firft  LJmbiof  TycbOy  or  Sinai:  and  the  firft  Limb  of  Plale^  or 
.  .the  Lacuj.  Ni^er  Major. 

The  fecond  Limb  of  Plato^  and  the  middle  of  7ycbo. 

TheCMt/erof  tbeDifk. 

The  middle  of  Maniliusy  or  Mons  Bejhiens. 

The  middle  of  MenelauSf  or  fy/antium. 

Dioffiifias  Areop.  or  Mons  Amanus. 

Plimu, 
{Vitrmdm, 

Eadymim^  or  Juu.  t^'ptrbor.  fstptrior. 

Prmcnt,  Her^tcUunu. 

Betwixt  Akuin  an4  Tarwttius. 

The  firft  Limb  of  &e  C^painStOs  Mare  Crjfium.  Paks  M^tis. 
^JThe  middle  of  the  Qtfpian  Sea.. 

The  other  Limb  of  the  Ct^iun  Sea. 

The  firft  Limb  of  LangrenuSy  or  Infula  MaJ. 

The  middle  4i(  Lmfrenus^ 

l4tal  ImmtrfvM^  betwixt  LmgrtKus  and  the  Cafpam  Sea. 


12  35 
14  00 
20  20 


\  o<>  -f^  ^mafim^  towards  Grimaldus. 


24 

24 
26 

28 
19 


5 

35 
30 
30 
50 


The  firft  Limb  of  Grimaidus. 

The  fecond  Limb  of  Grimaldus. 

Merfennus. 

Htrigone. 

The  middle  oiAriJlarcbuSyZadi  the  middle  betwixtHifr/fowandMTin 

The  middle  of  Kepler^  or  £of«  Paludeja. 

The  firft  Limb  of  lycho.  , 

The  fecond  Limb  of  Tycbo.  1 

Ttrn. 


(  3"  ) 


time. 

h.  '  " 
8  34  5 
8  35  35 
8  -30  io 
8  .36  30 
8  40    o 

842  35 

843  45 
8  49  30 
85* 

8  55 
856 

859  30 

9  6  20 
9.  7.  IQ 

9  8  40 
9    9  40 


10 
o 
6 


Pbafes. 


The'tniddle  of  Copercnius. 

The  fecond  Limb  of  Copernicus, 

Bitheas^  ...     . 

Heraclides. 

The  firft  Limb  of  fimocbarii. 

ThefirftLimbofP/^/^. 

The  fecond  Limb  of  Pht$. 

The  middle  of  Manilius. 

Mfnihus  and  Dmyf^  Attnfag., 

Poffidonius. 

VitrMins. 

The  fkA  Limb  0f  the  CJjT^^  . 

The  midiUe  of  the  Ci^ian  Sea. 

The  other  Limb  of  the  Ca^itan  &ia, ,  . . 

The  End^  between  the  Cajfpian  Sea  and  LangremU. 


c.  Through  Ae  tvhole  Dw^on  of  the  Eclipfe,  with  a  Tube  of  20  Fedt,  ^'^'ul^ytiL. 
and  others  better  than  that,  I  diredted  my  watchful  Eyes  to:  fotir  fixt  Starts,  n.  u^  ^.  x$^, 
needing  others,  that  were  kfe,  .(which  howerer  I  faw  very  veell^)  amorig 
which  the  Moon  was  at  that  Time.  It  was  diftant  from  the  little*  Star  a  hard- 
ly 4  Minuutes,  with  its  lower  Limb  in  Conjun&ion  with  it :  -  And  the  three 
other  Stars  *,  r,  d^  the  Moon  covered  entirely  with  her  Body.  .Now  of  4U 
thefefoui  reiuaikabie  Kttlc  Stars,  only  one  of  them-  e  hss  been,  hitiierto  ta* 
ken  notice  of  by  Aftronomers,  and  infcribed  up(m  the  Globes;,  it  is  caird;t&e 
uppermoft  of  the  unformed  Stars  between  n  and  ffi,  at  the  Back  ot  Pollu9$: 
whofeCourfe  with  its  Ingrefs)  Rognefs,  and  Egrefs,  is  chiefly  to  be  well  oft- 
fervcd.  For  from  this  kind  of  (S>irervations  efpedally  it  may  be  eafiei^  io 
perfed  the  Theory  of  the  Moon- s  Motion,  and  to  fix  ks  Nodes  and  Latitude, 
than  in  my  Judgment  can  be  done  ffiom  mere  Solar  Eclipfes.  .  The  little  3tar 
i  was  coTer'd  nearly  at  Mount  E^Sy  and  d  at  the  inferior  Linib  of  the  Modn 
idelf.  This  pafs'd  through  the  Sinus.  Sirbonis^  the  Ifle  of  Rb9^s^  and  S.  jltl^^ 
lucfifir^  the  uUicr  tli^ougli  the  Defei  t  ofASffpth'  ~  " 


Ttme. 


(  3i«  ) 


1 


The  Time 

toPend. 
Clcck,  cor- 
red.  ^Jli. 

1 

^-be-Akitudes  of  the  fixed 

Siars^  with  things  worthy 
to  be  noted. 

h.  '     " 

6    22    1 8 

6  25    4 

The  height  of  the  Swan's 

Tail  39^  3'.  0'' 
The  height  of  the  fame 

41'.  o\ 

6  35    0 
0  41  50 

6  43  45 
6  44  55 

I 

2 

Moon  enter'd  the  Penum. 
Beginning  of  the  Eclipfe, 

It  reachM  the  Palus  Ma- 

r^tis. 
Palus  Marquis  quite  ob- 

fcured.    "    *■ 

6  49     0 
6  52  30 

6  57  35 

3 
4 
5 

Mons  PorphyriUs  cover'd, 

7    2  15 

1    t 

7     2  55 

7    7  40 

■   1 

6 

7 
8 

It  began  to  cx>ver  Mount 

Mount  jEtna  quite  co- 
ver'd. 

*****   r   ..■                  t* 

7  10  40 
7  14    0 
7  16  40 

9 
10 
II 

Mount  Sinai  covered. 

The  greater  black  Lake 
covered. 

Through  what  Spots  the  Self  ions 
of  the  Sbado^  pa£id. 


It  began  about  so'^-from  the  Na 

dirj  towards  the  Eaft. 
Juft-at  die^feegmnirig  Sinus  Siga- 

rhm^  the  Iflands  o(  Btfbica^iiySL 
•  Mtlos'wctt  in  oneright  Line. 


Hh^  $c<5^ori  of  th^5h^w  p«fs'4 

.  hy  Mounts  jPm^ifda£l.  and  ^ous. 

By  the  Loca  PaUtdoJa  and  M.  Ca^ 

taraHi     •       .-: 
To  M  Baroniusj  thro*  M.  Petri, 

AtboTy  and  At  Troicus. 


To  the  Bay  of  Apollo^  the  IHand 
Ficaria,  to  the  bot.  of  M.-^/iw, 
the  10.  Didfrna^and  theS.  Lake. 

To  the  IQe  of  Sardiniaj  by  the 
Ifles  Hiera  and  Crete. 

By -the  greater  Atlantic  Moun^ 
tains,  the  Ifle  Vukania^  Rhodes, 
and  Mount  Ann. 


By  the  Ifles  Ophiufa^  Cyprus,  and 

Mount  Sinai. 
By  greater  Wack  lake,  by  the  M 

Sipylusj  Ubanusj  and  Seir. 
By  leir.  black  lake,  the  Ifle  Befbica, 

Mounts  Olympus  and  Bidymus.   I 


7  20 


(•  SJ3  ) 


7  aa  *2o 

7  25    o 


7^8  30 

7  32    c 
7  34  10 


'7  42  44 
7  55  30 


o 

35 

5' 

9 


i2 

1-3 

^4 

15 
16 


501 
20 
20 
10 


TM  -^ar:.  4?.  -was  vfl^amlThi 
from  the  Himb  of  the 
Moon  tXTwarHi  tlK.£aft 
almoft  30'.      :'-    ' 


eSedioh  of  the  Shadow  pafsfd 
by  M.  Carpaiimsj    Byzantius^ 

By  the  Lake  Borjfibenes^  the  Kle 
ApoUonia^  Mount  A&j^«^,  and 
Scgdiattus. 


-  By  -the  ^Mountsuis  Macrocemnios^ 
Promontory  diAries^  of  Hercules^ 
by  the  utmoft  Bay  oi  Pontusy 
and  Mount  Patap^mifus. 
By  the  PaZ«i.  Hyperborese^  the  Ifle 
Corocondametisy  and  M.  Caucafus 
By  the  Ripbaan  Mountains,  the 
Pa/fff  Maotis^  and  the  lower 
Bay  (^  the  Ci^^it  Sea. 


The  total  Immerfidn  happened  about  50*.  of  the  Limb 
from  the  Zenith  towards  the  Weft. 

The  little  Star  a^  in  its  Conjun&ion  with  the  Moon,  was 
diftant  from  its  lower  Limb  about  4  Minutes.        ;     « 

The  little  Star  b  cov^r'd  at  Mount  Eous. 

The  little  Sur  c  entered  at  the  Southern  Laka 

The  litde  Star  d  was  hid  at  the  lower  Limb. 

The  little  Star  c  emerged  again  under  Mount  Nevofus  -,  fo 
that  it  entered  the  Moon  at  3'.  20^^  It  was  truly  a  very^ 
pleafant  Sight,  to  find  all  thefe  very  bright,  even  almoft^ 
under  the  greateft  Obfcuration,  and  the  M's  Conjundion 


.9  12  13 


Emerfion  of  the  Moon  out  of  the  SSiadow  happeri'd  almeftj 
at  30**.  of  the  M's  Limb,  from  the  Nadir  towards  the  Eaft, 


9  20  20 
9  25 
9  30  flO 


01 


L 


Shadow  pafs'd  by  Pai.  Mar^ofis^ 

Pontes  AmoTfj  and  Mount  Eous. 

By  Mount. Audusy  Ajax^  and  Trot- 

CUS.     .      .    •    ■       •  '  ;    • 

By  M.  PintttdaStfluSj  Carpasbus^ 
S.  Sirbonis^  and  Mount  Lion.     | 


^^OL.  I. 


Sf 


9  32 


(V4^  ) 

^  3a  40  2o|Mourtfi'^r:pi^/V^i  came  [By.  Mount  Forftyriles^    C^jfius^ 


out  of  the  Shadow. 

936  521  Mount£mr/  began  lobe 
:    iliuminated* 

9  42  151^2  Mount  ^/M  unde^  the 
very  Se&ion '  of*  the 
Shadow.  *  — 


9  47  1^1*3 


9  51 


fik  Mriim0ff<  acttie  Tfle  of  Skify^ 

hjCrffe^st  the  bottom  of  Simai 

By  the  Promontory  of  Apotto^ 

M.  ^/»^,  by  Rhodes^  and  the 

Mountains  of  «S^r>> 


^4 


9;  s6  j$o{a5]TheIfleA9fe'^camd  out 
again  into  the  Li^ht 


^  59  35la6 
5  027 
7    0I28 


10 


10 


10  r9  35 


10  20 
lo  23 


o 

o 


The  Shadorvf  was  not  yet 

quite  gone. 
The  End  of  tfacEcIipfe. 
The  Pffomira. 


By  the  Ifle  Vulcama^  M^Mq/kyfus^ 
CragttSy  and  Antilihnus. 

By  the  greater  black  Lake,  Bay 
of  Pafianum^  Mount  Didj^Ms^ 
and  Mount  Coikacarm. 

By  the  lefler  blackL^e,atthe  lOe 
Besbica^  by  the  Mount"  Uxerii, 


By  the  hak^almdnfa^  MJkrm- 

mmti  ik&/^iPM/,andIake  TiaJ^sis. 

By  Pmasj  Ifle  Cyanea^  Bay  of 

Atbms^  and  Mount  Gi»rtf^. 
By  Ldcc  Borjfibenes^  at  the  Ifle 

JpoUma^  by  HerackuMj  and 

M.  ?4iirair. 


10  5>i  j;8 
to  5a  35 
I*  **^3 


Ak.of.M^/. 
Alt*  StdTjiriiSm 

Alt   £JLCL^iMlla^ 


28    52 

70     n 


^  seviito  j  ir  ^*  The  Obfervadon  of  dlk  Eclipfe  was  very  exad  \  for  the  Sun  being  near  tbe 
pffn  V  ilSl-  Horizon,  by  die  Latitude  of  diis  Place  the  Minutes  were  eafily  ibund.  I  ob- 
wuitUkt.  ferred  the  reft  by  my  Clock,  whicli  that  Day  did  not  differ  fi>  much  as  a 

N.  iis.  f.  4»«.  Minute  5  fo  that  there  is  no  Room  for  Doubt  in  the  Obfervation. 


The  Beginning  of  the  true  Shadow 
The  Immerfion 
The  Emerfion 
ThftEnd 


56 

33 
39 


or  fomethii^  longer. 
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Clock. 


h.  ' 
I  I 
I  II 

I  37 
1 14.6 

I  51 


^55 
2    2 

2  5 
2  6 
2    8 

2   12 


00  Moon'&Diam. 
00  Moon's  Diam. 


17 

'I 
2b 

29 

30 
35 


2  37 
2  39 
a  45 
2  50 
2  56 
2  56 


.1  ij    »' 


n«  Vbafes. 


I  Ji  Hi^  mmn  I  I.    <JiT^« 


Mflf'^IIIH  Jl| 


-]  The  Meal 

1  =  31  46    r    aadmy 

3   ^• 


319 


TheMeafures  wttcohsetiien 

both  l^  my  fclf, 

my  Afliftant  Mr.  Uai^ 


50  No  Jlppearance  of  the  Penumbra  \  and  now  the  Moon  went  un- 
der  fome  flying  Clouds,  under  which  ihe  ftill  lay  hid«. 

40  Till  a  xknfe  Penumbra  appeared  through  their  C^peningSt  or  per- 
haps the  Beginning  itfelf ;  but  I  could  not  be  lure. 

40  The  Moorf  $  tamb.lieing  now  raifed  out  of  the  C!ou4s,  was  feen 
to  Jabour  under  a.  very  jootable.  De&d^  a  fii^th  Pgrt^  or  at  leaft 
an  eighth  Part  of  her  Circumference  being^bfcured. 

15  peniada^ylus  was  cqy^f^,  .         \   \ 

30  The  firft  Limb  of  Simiu .         . 
00  The  next  Limb  of  jEfna.  '  .  ? 

40 The  remaning  Parts  illuminated  wer^  207 1  =  ^o-  3^''« 
00  A  finall  Telefcppe  Star,-  that  was  not  vifihle  with  the  jeflcr  Tube, 
in  the  greater  appeared  to  be  of  aknoi):  half  the  Capacity  of 
the  fame,  or  diftant  i  §  apparently  from  the  lower  Limb< 
45JThe  remaining  Parts  illuminated  1655  ^'i6\  27". 
5  The  firft  Limb  of  Bejbicus* 
3  Horminius  cover'd. 
GO  ^«aj  covered. 

45  The  remaining  Parts  illuftrated  1047  =  10'.  24". 
oojThe  remaining  bright  Parts  865  «  8'.  38".    And; now  in  the 
longer  Tube  another  fipall  fixt  Star  appeared,  being  diftant 
from  the  Umb  of  tl\e  Moon  the  Long,  or  the  Cajp.  i  pot,  itsLat. 
from  the  line  drawn  thro^  the  Cufpids  towards  the  r  ght  Hand. 
1 5  TliC  Shadow  coverM  the  Weftern  Shore  of  PofUus. 
3oIt  touched  ;he  firft  Lirnb  ^iCorvamdm^is.        . .  1  ! 
colt  touched  the  Palus  Mdi(Uis.  \ 

45  Maotis  was  wholly  Ci^vei'd.  } 

I  o  Doubtful  whether  wy  true  Light  remaiiii'd.  .,  J 

55  Immerfion  :  For  furely  the  prinaary  l4gkt  had  intrely  left  the 
I    Moon,  for  over  againft,  or  a  litdc  above  the  Rij^ean  Moun- 
I    tains,  and  ^bouta  Deg.  of  the  Limb  gd^evelitu  igo,  2\  57'. 
0".  the  Limb  appeared  thro'  theTube  of  a  k^  of  vA^fti-colour 


^o 
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don i  hf  Mr, 
Fltmfteed^  md 
Mr,  Halky. 
N.  116.  f,  371. 
N.  X18.  p.  431* 


1  he  Air  was  very  ferrac  from  the  fcrcnth  OWenratioH  to  thejlmmerfion. 
An(  L  a  certain  faint  whitifh  Light  feem'd  to  tdce  Pafl^>on<of  1^%  Cuipids  of 

.    Sf a»  the 


(3^6  J' 

thedarkned  Moon  through  the  whole  Time  of  the  Eclipfe,  which  made  Ac 
Moon  confpicuous  after  the  Immerfion,  on  that  Side  which  fell  laft  into  the 
Shadow.  The  Penumbra  of  this  Eclipfe  was  very  thin,  nor  was  its  breackh 
greater-than  that  of  Sfffoi  or  /B/w.  The  Palus  MaoUs  appev'd  very  broad* 
and  removed  as  far  as  it  could  be  from  the  Limb  of  the  Moon.  On  the  con- 
trary, Maraotis  was  very  much  contra6tcdi  nor  farther  diftant  from  the  Moon's 
Limb  than  half  its  Length.  ;    i..  :  .  . 


wf<  Parity  hy 
M  BDlIialdui. 
liU.  f.  372. 


t^  M.  Caffin't, 
J/.  Picart,  Mi 
M.  Roemer. 

«,1I7.^3»«. 


2.  Beginning  of  true  Shadow^  Capella^  height  to  Eaft  it  45. 
Shadow  reached  Palus  M^t.  Lyra's  Ak.  to  Weft    50  5 1 
Total  Immerfion,  Lyra's  Alt.  to  the  Weft  48*  50 
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Time. 
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1 

1 

I 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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2 

2 
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56 
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I 

2 

4 

4 
5 
6 

7 

8 

II 

12 
16 
16 

»7 
18 

21 

24 

24 

26 

26 

31 

32 

3^ 

38 

38 

f  2  39 
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45 
20 

50 
45 
15 
15 


30 

>5 

45 
18 

35 
40 

25 
40 

25 

12 

45 
o 

53 
10 


15 

JO 

45 


Tranjt  efthi  Shadow. 


The  Beginning  below  Grimaldus. 

Through  the  firft  Limb  of  GrimMur.' 

The  fecond  Limb  of  GnfKRt/j/ftx.  ' 

Galilaus.  -  •"      - 

The  firft  Limb  of  Merfetmus. 
_^  The  Be^nning  of  Gaffmdus. 
40  The  middle  of  G<2^^fiet. 

The  other  Limb  of  Gajfendus: 

Herigm  and  Selmeus. 

Morims. 

The  middle  of  Kepler,  .    ■ 

Arifiercbus  and  mUialdus, 

Ariftarcbus  difappears. 

The  Beginning  of  Tycho. 

The  Banning  of  Copermcus. 

The  middle  of  Tycbo  and  Copernicus. 

The  other  Limb  of  Tycbo. 

Pytbeay  and  the  firft  of  the  xiattSin.Medii. 

The  middle  of  the  fecond  Sinus  Medii, 

Heraclides  or  Virgo. 

The  firft  Limb  of  Timocbaris. 
40  The  middle  of  litnocbaris. 
40  The  Promontory  between  yhvoand  Plato. 

Mfeda. 
1 5  The  Banning  of  MamUus. 

Dion^us  the  jtreopofite. 

The  Shore  of  the  Sea  of  Tranquillity. 

The  fiift  Limb  of  Mnelaus  and  Plato. 
lo.Fi'Mcefier. 
SglThe  middle  of  Plato. 


z  41; 


^me. 


h.    '    " 

2  41  15  Through  the  other  :Limb  of  Plato. 

2  44  1 5  Prcmiontory  between  Confarinus  and  Beda. 

2  50  2oTheiirfl:Liinb  of  Palus  S&nmiu 

2  50  45  'f  he  Horns  were  vertical. 

2  53  55  The  beginning  of  Ii^i^^r^iWi. 

2  55  2o  The  firft  Limb  of  Mare  Cajpium. 

3  lie  The  other  Limb  of  Mare  Cafpium. 
3     i  4.sEndffm(m. 

3     3  is^^fi^* 

3     7  45  End»  ortot  Immerf.  above  Mgr^  Cafpium, 


The  Cafpian  Sea  was  then  diftant  from  the  Weftem  Limb  about  ^  of  its 
Breadth.  After  the  total  Immerfion  the  whole  Body  of  the  Moon  was  ftill 
diftinguilhable. 


of  the  dock 


h-  ' 

2  29  30 

2  55  45 

3  o  30 

3  II  30 

3  35    o| 


3  42  30 

3  5*  45 

4  7  15 

480 

4  15  3c 
4  ^9  30 

4  23 


P/w/^j. 


Between  the  Cufpids  2085  =  17'.  16". 

The  Shadow  almoft  touchM  Hamas. 

It  had  certainly  touch'd  Hamus. 

The  right  Cufpid  from  Maraotis  1235  =  10'.  14"- 

The  lucid  Parts  were  about  2800  =  23*.  11".  or  perhaps  fbme 

thing  more ;  for  it  was  very  difficult  to  diftinguifh  the  Limits 

of  the  true  Shadow,  becaufe  the  Air  was  foul  with  Vapours. 
The  Shadow  near  Macra.  ' 

Between  the  Cufpids  about  2288  =  18'.  sf\ 
The  End  :  For  the  Limb  appeared,  and  there  feem'd  nothing  to 

be  wanting  in  the  Roundhels  of  the  Moon. 
The  Limb  very  plainly  feen  through  the  Tube. 
The  Penumbra,  which  to  the  naked  Eye  refembled  an  Edipfe* 
The  Diameter  of  the  Moon  taken  3757  =  31'.  5".  but  not  much 

confided  in,  the*  I  think  it  not  far  ^om  Truth. 
Still  and  afterwards,  the  Limb  forlaken  by  the  Edipfe  ieem*d 

fomething  obfcure,  and  as  it  were  another  Eclipfe* 
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Gretnwich  ,*  ly 
Mr,  Flamfteed. 
N.  I2I.^43$. 


The  Diftance  of  Corfica  from  the  remote  Limb  of  the  Moon  2732=^2'.  37''. 
Its  neareft  Limb  from  the  neareft  of  the  Moon  1045  =  8'.  sg*'. 
The  remdter  Limb  of  Sinai  from  the  neareft  of  the  Moon  599^:4'.  58".  good. 
The  Mid4le  of  the  greater  black  Lake  from  the  neareft  Lamb  452s=:3^  4^. 


At  London ; 
by  Mr»  Edm. 
HaUey. 
aid,  p.  49s. 


I  took  notice  befide&,  thitt:  the  Shadow  qjways  appear' JTar  more  diftinft  at 
the  Horns  than  elfcwherc,  in  the  Face  of  the  Moon.  -4ft  the  firft  Obfervation^ 
or  a  little  before,  the  Horns  were  parallel  to  the  Horizon,  '    '    . 

Then  alfo  Porpbyriiesj  and  the  greater  black  Lake,  wgcc  equally  out  of  the 
Shadow,  about  the  Length  of  Mar^eotis. 

Yet  it  never  went  beyond  P^rpbyrites  in  thifi  Eclipfe,  yet  I  law  it  deeply  im- 
merfed  in  the  Penumbra, 

In  the  Height  of  the  Eclipfe  the  Shadow  almoft  reached  Oorftca  5  yet  I  ne- 
ver  faw  it  extinft,  but  immerfed  fo  deeply  in  the  Penumlxa,  that  I  could 
hardly  perceive  it.  ... 

Neither  did  the  true  Shadow  ever  go  over  the  IQe  MtHra^  but  only  a  denfe 
Penumbra,  through  which  it  was  difficult  to  fee  it. 

At  ^.  sl'.X  CQuld  not  fee  the  Limb,  nor  at  4**.^  6^.  But  at  4*".  j'  I  thought 
I  faw  the  Light  of  the  Limb  very  faint,  but  with  much  Difficulty.  At  ^. 
/*  is'\  I  was  fure  it  had  emerged  out  of  the  Shadow,  nqr  was  any  thing 
wanting  to  its  Roundnefs*    Tho^ore  there  I  placed  the  End- 

The  Shadow  went  out  near  the  upper  Lacus  Hyperboreus^  the  Penumbra  re- 
maining, which  exhibited  the  Eclipfe  to  the  naked  Eye  as  far  as  4**.  15^'.  But 
the  Limb  left  by  the  Eclipfe  recovered  the  Brightnels  of  the  other  Limb  not 
till  4^.  28'.  or  later. 

The-TifBesof«hePhaft&werecorreded.by  the  Altitudes  of  ArSurus^  and 
die  bright  Star  of  the  Crown,  taken  by  a  Telefcopic  Quadrant  of  above  three 
Feet  Radius.  To  the  taking  of  which  Altkudes  I  apply 'd  Oiy  Uli,  when- 
ever the  Clouds  came  over  the  Moon,  Thofe  Stars  fpoietiiz^  ihone  out  very 
bright  in  the  other  Quarter  of  the  Heavens. 

2.  The  Eclipfe  ins  begtmbeforc  I  came  to  my  Inflxuipents.  But  thii  was 
obftnred  at  iMdan  in  fVincbifhr-fireit  by  Mr.  Halley^  when  the  upper  Limb  of 
the  Moon  was  diibmt  from  die  Vertex^ 


%  Mr. 

Jkid. 


CoUbn. 


Jit  Paris  i  hy 
M,  CalHoi. 
K.  I23>f*  561. 


from  the  fame 


whence  he  reckoned  the  Hour 
The  Horm  parallel  to  the  Hwiaon 


16 
faw  the  limb  of  the  Moon 


39  51 
41     I 

54  "  \ 

3.  Jobn  Colfin  at  fFapping^  near  the  Hermt4ge^ 

fbmething  deficient  at  a*.  17V.    But  at  4^  9',  %^\  he  found  it  had  <;ome  out 
of  the  true  Shadow,  and  thin  there  was  only  a  denfe.  FenumlM'a  remaining. 

4.  In  this  Eclipfe  two  of  the  chief  thuiga  have  been  exa£Uv  determined  by 
us,  that  is,  the  middle  Time  of  die  Eclip^,  and  its  M^gmttide.  The  middles 
is  deduced  not  only  from  a  Comparifon  of  the  Beginning  and  End,  but  alfo  of 
two  equal  Phafes,  which  are  very  eafily  determin'd,  that  is^when  the  Diflanca 
of  the  Horns  was  equal  to  the  Semidiameter  of  the  Woon,  taken  before  the 
Eclipfe,  15'  28''.  That  is,  when  the  beginning  of  the  Eclipfe  was  eftimated* 
at  2^.  24'.  35" 
End  of  (he.  t^  ScUpf^  a  like^P<^numbra  being  left  as 

w^jivtbe  D^termi|)atioaof  the  Begjinning 
The  Duration  of  the  whole  Eclipfe  comes  out 
The  Half 

And  the  middle  of  the  Eclipfe 
A  fixth  Part  of  the  Circumference  is  cut  off 
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24 

20 
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42 

10 

3. 

lO 

/5 

Ahdagain 
The  Interval 

The  Half  : L  ,     . 

Hence  the  middle  of  thp  EcUpfe  _ 

Am'eeing  to  the  former  DetenniwtioB  within  a  fourth  part  of  a  Minute. 

we  agree  entirely  with  Mr.  Flamjieed  in  the  Situation  of  the  Shadow,  and 
th(i  W^gfiitude  of  the  Eclipfc.  Foritls  obfenrcd  by  both  of  us,  the  Shadow 
never  went  beyond  P4irphyriteSr  <;ho*  it  was  deeply  immerfed  in  the  Penumbra. 

Next  to  Porphrites  is  a  little  whitifh  Mountain,  which  we  then  c^*d  the 
Cmpamon  of  Arf/iarcbus^  becaufe  it  is  hardly  diftant  from  Porpfyites  its  own 
Diameter.  That  little  Mountain  Was  immerfed  in  th6  Shadow  at  a"".  51'.  15^ 
And  it  emerged  at  3**.  8^  2^",  and  all  the  Time  between  was  in  the  Shadow 
next  to  Porpbyrites. 

We  both  of  u&  obferved  aUb^  that  ia  the  Height  of  the  Eclipfe  the  Shadow 
almoft  reached  to  Corjica^  yet  it  was  never  covered  bv  it,  but  a  finall  Diftance 
was  kh:  5  the  Diftance  of  which  Limit  being  taken  from  the  neareft  iLimb  of 
the  Moon  "was  «'.'i7^.  Whereas  Bamfteed  found  the  Difbmoe  of  tfee  Iflaad 
itfelf  a  little  more  remote  from  the  fame  Limb,  to  be  8'.  ^9''.  We  ilfo  ob- 
ferved  the  Ifland  Macra^  or  rather  Ptninjula^  tobtv^  long  adjacent  to  both 
the  Shadows.  We  took  notice  this  begun  at  'i\  l%\  15^.  and  that  it  coati- 
mA  at  the  fame  Ipiftance  for  a  quarter  of  an  Hour* 


CapelU 
ifi.from 
the  Vert, 


39  36 

40  42' 


42     30 
42     50 

44     25 


47  28 

48  56 

■  }     54 


Pbafes. 


The  Penumbra  thin. 

The  Penumbra  more  denfe. 


Senfible  Begin,  over  againft  Sinm  Hyptf^.^kXM:  fo^- 

Almoft  T  of  a  Digit. 

The  Shadow  touched  the  leffer  Jilas. 


The  Shadow  a  little  above  BarmttSj  above  Uguftirms^ 

it  had  feized  M.  Macr. 
The  Shadow  had  almoft  reached  QUena  Mundi.  * 
The  Shadow  touched  MontmiaL 


D    3oprouchM  Sin.Peront.  M.Pyra^  and  middle  of  Pal.Hfper. 
2      7  It  feiz'd  Sinus  Sagaricusj  and  PerMicus^  and  the  Pro- 
montory of  ihe  Moon. 
4.    g2  Latcopetra  was  out  of  the  Shadow^ 


Mdan 
lime. 


2    6  12 

t  12     y 


2  23  32 
2  25  48 
2  36  II 


2  56  zy 

3  6  22 

3   12  54 


3  17  41 
3  29    I 

3  48     gj 


5- 

dot. 


55  io 


6. 

bj  M.  Richelt. 


55 
56 


40 
48 
»7 
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Sinus  Perofiticus  out  of  the  Shadow 
Sinus  Sagaricus  o\k  of  the  Shadow. 
Sinus  Cercinites  W2is  9lmo&  emerged. 


57 
51 


1 6  Part  under  Shad,  equal  almoft  t6l)readth  6lPdl.  Meot, 
30  The  End  over  againft,Mont.  3&fr.  about  g.  355 
6lPenumbra. 


3  5+  6 
.3,  55  12 
3  58  29 

4  5  38 
4  13  59 

The  Shadow  did  not  reach  Corfica^  nor  I^«j  Tbrajymenus ;  wherefore  the 
Eclipfe  did  not  exceed  3  dig.  50'.  or  rather  lefs.  The  Beginning  was  (ooncr 
by  a  Minute  or  45''thaa  what  is  fet  down,  fo  that  it  may  be  fixt  more  exadUy 
at  2\  22\  30".  Hence  the  whole  Duration  exadUy  enough  was  I^  51'.  24'. 
So  that  the  greateft  Obfcuration  happened  at  3*.  18'.  14''. 


Alt.  of 


44 
46 

48 


15 

30. 


Time, 


0 

r 

h.  '  ' 

30 

30' 

2  48  48 

36 

0 

3  20  8 

39 

50 

3  45  44 

13 

27 

41 


20 
44 


Pbafes. 


Beginning. 

Shad,  thro'  M.  Perpbyrites^  and  Pron^ont.  of  the  Moon. 
The  Shadow  fkim'd  by  Lacus  Tbra^mmus^  Mount  5tf- 
roniusy  and  Sinus  Cercinites. 


Shadow  pafs'd  by  Promont.  of  the  Moon,and  M.Citfimerms. 
Shadow  touch'd  the  kffer  black  Lake,  and  M.  Carparibus. 
It  ended  in  the  midd  le  Region  of  Sinus  Hjfperborais. 


Therefore  the  whole  Duration  was  j"".  52'.  56" 


jffDanteick; 
•^i/.Hevdiuf. 


7.  In  this  Eclipfe  it  is  to  be  well  obfa-^ed,  that  all  the  Seftions  never  intirely 
covcr'd  Mo\sat  PorpbyrHeSy  but  it  remainM  perfpicuous  in  the  very  Limit  of 
the  Shadow,  even  in  the  greateft  Obfcuration. 


Tnm 


ftme  cor-  i 


(  3?i  ) 


rea.  hyj€t\  Altitudes  of  the  fixed  Stars. 


h.  '  " 

.   ,| 

2  28  3826  l^^ 

2  33  20 
2  36  40 

25  3S 

3  8  10 

3  »6  35 

3  24  20 

3  30  0 
3  36  25 

3  42  5 
3  46  30 

3  52  10 

3  59  15 

4  7  45 

4  II  45 

4  18  5 

4  26  0 

4  56  20 

5  55   28 

32  33 

5  57  33 

32  50 

5  59  0 
680 

Right  Should.  Orion. 

The  fame. 

Begin,  of  the  Penum. 


Begin,  of  Eclipfe. 


Star  diftant  from  the 
Limb  36'  or  40'. 


Brt.  Star  of  the  harp. 
The  fame. 


"^Thrmgh  wtat  Spots  the  Hedwm 
^         of  the  Shadow  pafs*d. 

At  Mount  Baronius, 
The  Penumbra  more  denfe. 
The  Penumbra  denfe 
The  Penumbra  very  denfe, 

1  [At  the  Bay  of  Apollo. 

2  By  M.  Alabaji.  and  Sin.  Hyperb. 
3'At  Apollo's  Bay. 

4  By  M.  Baronius  and  the  grea- 
I    ter  black  Lake. 

5  By  the  Ifle  Opbiufa. 

6  At  M.  Porpbfr.tc  leff.blac  lake 

7  By  M.  P^;^.  and  M.  Serr. 


By  M.  P^;;pi.  Promont  of  the 
Mpon,  and  M.  Carpath. 

By  the  Ifle  of  Corftca^  M.  Arg, 
and  Mount  Macroceran. 

By  M.  Porphyrit.  and    JLor. 

At  Apollo's  Bay,  Af(7;?i  Cirj/?/, 
and  fij/ir/.  Macra. 


The  Penumbra. 
Penumbra  vanifh'd,  as  well  as 
we  could  guefs  by  thcClouds 


The  Pbafes  of  the  Moon^  and  of  the  Spots ^ 
as  determined  by  Ricciolus. 


'he  Shadow  begins. 
The  fubfequent  Limb  of  Grimaldus. 


^'^aliUus. 


The  End  of  CaliUus. 
^    L.  I. 


In  the  Royal  Obfer- 
vatory. 


Below.      Above. 


Tt 


h.  ' 
6  43  30 
6  45  o 
6  46  o 
6  47    o 


h.  ' 
6  43  40 

6  46 


In  the  Col' 
lege  of 
Clarmont, 


h.  ' 

6  43  54 

6  45  29 
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il^.  Caifiiii. 
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6  48  20 


th.^- 


Merfennus. 

The  Chord  of  the  Eclipfe  was  6  dig. 

The  Beginning  of  Gajjendus. 

The  middle  of  Gajfendus. 

The  Beginning  of  Schikard. 

1 1  Dig.  Eclip. 

The  Beginning  of  Arifiarcbus. 

The  middle  of  Ariftarcbus. 

The  End  oiArifiarcbus  and  Morinus. 

Capuanus^  or  the  Dragon's  Eye* 

IIL  Digits, 

A  Chord  of  9  Digits. 

The  Begin,  of  Terra  Pruina  and  Copernicus 

The  Beginning  of  Copernicuj. 

The  middle  of  Copernicus. 

The  end  of  Copernicus. 

The  beginning  of  Pitbeas. 

The  end  of  Piibeas. 

The  Virgin's  Head. 

Harpalus. 

The  beginning  of  ^ycbo. 

The  middle  of  Tycbo. 

The  end  of  Tycbo. 

Eratojihenes. 

V.  Digits. 

The  Promont.  between  the  Virgin  zndPlato, 
The  Ifland  in  the  fartheft  of  the  Sinus  Medil 
A  bright  Spot  following  Tycbo.  ■ 

VI.  Digits. 
Tymocbaris. 

The  beginning  of  Plato. 

The  middle  of  Plato. 

The  end  oiPlato^  and  the  begin.  o£MamIius, 

The  end  of  Plato. 

Manilius. 

The  end  of  Manilius. 

The  beginning  of  Ditmyfius. 

Dionyjius. 

Menelaus. 

The  end  of  Diof^s^  and  be^n.  of  Menelaus, 

PJiny  begins. 

Pliny. 

Picolomineus^  or  the  bri*  Spot  above  the  Ring. 

The  beginning  of  Fracaftoreus  or  the  Ring. 

The  beginning  of  Pojfidonius. 

The  end  of  Fracaftoreus. 


50  50 

51  43 

52  50 

54  00 
56  go 


58  54 
6 

00  00  7 

00  55. 

50 

30 

45 

55 
20 
00 

55 
20 


I 

2 
2 
2 
4 
5 
5 


49  00 

50  50 

51  30 

52  00 

53  10 

56  30 

57  00 

59  10 

00  00 

00  55 

I  40 

7  2  40 

7  4  20 


6  51  37 
3  56  7 


7 

7 
8  31 


oO 
30 


7  II  4« 


7  14  00 


15  12 
17  15 


18  28 

20  56 

21  30 
23  00 

23  55 

24  25 


7  6  50 


711  20 


13  20 
^3  40 

14  40 
14  50 


17  25 

18  10 


21  ic 

23  5 


6  59  30 

7  3  18 
7  5  48 


7   '3  19 

7  15  4 

7  17  59 
7  18  11 

7  21  51 
7  24  38 


I 

The 
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Bright  Spot  before  the  /^n^t  of  the  acaie  Promontory 

The  Angle  gf  the  acute  Promontory 

IX  Digits 

Palus  Somni 

The  beginning  of  Eniymion 

The  beginning  of  Taurentius 

Angle  of  the  horns  with  the  Parallel  yf  1 5'. 

The  beginning  of  Hermes 

End  of  Taurentiusy  or  of  the  Serpent's  Head 

The  end  of  Hermes 

Proclus 

The  Lipib  Qf  Mare  Cafpium 

The  lower  Spot 

The  beginning  of  Langrems  . 

MjffaU     ' 

T  he  end  of  Langrenus 

The  Pemnfula  in  Cuffia 

The  end  of  Cafpia 

An -oblpng  Sppt 

The   end 


The  beginning  of  th^  Emcrftpn 

Grimaldus  \ 

The  end  0i:  Grimaldus 

The  Sea  Qf  Humours 

The  middle  of  Schikard 

The  beginning  oi  Ariftarcbus 

The  mid4le  of  Arifiarcjous    , 

The  whole  o^  jirifiarchus 

The  whoit  of  ^affendus 

The  beginning  of  A^p&r 

The  vfkf^  vf  K^kr 

Morinus 

The  end  6f  ^hfe  Jfland  of  Kfpler 

The  whole  i)i£fpmvus  j 

The  beginning  Qf(5firr^  Pruif^' 

Virgo 

GoT(^niSpoC  between  i?/<i^^  apd  Kepler    \ 

Harpalusy  jk  the  bright  fpot  hcfoj^tCopernicus 

IXt  XTIgltS 

Bullialdus 

The  beginning  of  Copenucus 

The  beginning  of  ^fiv 

The  whole  of  Copernicus 

Pitbeos 

Tt2 


h. 


7  25  10 


h. 


28  OP 

29  20 

31  5 

31  40 

32  00 

32  2o 
32  29 

33 


5 
34  24 

34  40 

35  40 
37  50 
37- 50 

39  16 

40  417 


21  309 

22  44 

23  409 

24  35 

28  15 

29  00 
29  44 


30  25 

31  00 

32  24 
96  pd 
34  22 

34  40 

35  43 
37  od 


9  37  34 


9  38  3c 


40  oc 
40  18 


H  35 
26  10 


7  80  40 


7  33  3 


37.68 
41  00 


21  30 

23  4e 


9  30  «<? 


.37-  -^ 

"?7"40 

39  00 

9  40  30 


7  31  *6 


7  3?  -10 


I- 


5?  .3?, 
7  41 


.18 

28 


9  ^y 
9  **' 


.5 


9  «9  41 


9.3J.^9.3<i  6 


9  3* 
9  40 


36 
22 


.^1 
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•               .                        .          - 

h.  '     " 

h.   '    " 

h.     '      "- 

The  middle  of  Tych 

9  41  00 

9  41  10 

The  end  of  Tycbo 

9   42    20 

IV  Digits 

9  42  40 

The  whole  of  Timocbaris 

9  45  30 

Plato  begins 

9  45  30 

9   45  CO 

V  Digits 

9  47  00 

The  whole  of  P/«/tf 

9  45  00'  9  47  30 

The  Ifland  upder  Sims  Medius 

9    50  OOj 

The  end  of  Sinus  Medius 

9  50  50| 

Archimedes 

9  51  37i 

VI  Digits 

9  52  00 

' 

Maniliui 

9  54  00 

9  S3  52 

Fretum 

9  54  22| 

The  beginning  of  Mifeldea 

9  54  4o| 

The  end  of  AbifeUea 

9  55  30, 

The  whole  of  Ariftotle  and  Eudoxus 

9  56  00 

VII  Digits 

9  56  20 

The  be^nning  of  "Dionyfius 

9  57  '2 

MeneUus 

9  57  50  s  57.40 

9  57  'fi 

The  middle  of  Dionyjius 

9  58  30 

The  whole  of  Mettekuu 

9  59  00, 

-  -, 

The  whole  of  Diotrafius 

10  00  00^ 

Vm  Digits 

10     I  30 

The  Mouth  of  Locus  Merits 

10      2  00 

Pliify. . 

10      2    15 

10     I  281 

The  Promontory  above  Diotp/fm 

10    3  00 

The  end  of  P% 

10    3  40 

Poffidottius 

10      ^.  30 

The  Acute  Promontory 

10    6  00 

Hemes 

10    6  15 

IX  Digits 

10    9  30 

The  Chord  of  the  Shade  of  8  Digits 

10  II  00 

Mgda 

ID  13  30 

10    12    10 

10  II  30 

The  beginning  of  the  Cafpian  Sea 
The  whole  otLmgrenus 

10  16  00 

10    14  GO 

A  Chord  of  6  Digits 

The  firft  end  of  the  Cafpian 

10  17  33 

10    16   50 

10  17  25 

10  16  44 

The  other  end  of  the  Cajpian 

10  18  15 

The  Whitenefs  in  the  C^^  5ai 

10  20  00 

ID   20   10 

10  20  42 

The  total  End 

Tim 


Ttmelytbi 
Pendulum 
Clock. 


Tims  cor- 

rested  by 

Obfervat. 
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h.  ' 
I  5  00 
I  46  30 
I  53  40 
I  55  40 

1  58  00 

2  3  20 
2  5  50 
2  7  30 
2  8  16 
2  10  50 
2  12  56 
2  18  00 
2  27  24 
2  31  00 
2  ^2  30 

2  33  •  ^ 
2  34  26 
2  35  6 
2  36  00 
2  40  00 

a  44  50 
2  46  10 

2  50  10 

51  10 

52  10 
5400 

55  30 

5740 

I  50 

4  30 

3  13  00 

3  14  00 
3  19  12 


2 
2 
2 
2 
2 
3 
3 


h. 

I 

X 

I 
I 
I 
I 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


Obfervations. 


The  Moon's  Diameter  6191  =  30'.  53* 
The  Penumbra  oblervable. 


00  GO 

41  30 

48  40  The  Penumbra  denfe. 
50  40  The  beginning. 
53  00  The  Shadow  at  Mount  Climax. 
58  20  Sinus  Sirbonis  begins. 
00  50  Locus  Maraciis  begins. 

2  30  Mens  CataraHes  begins. 

316  Maraotis  wholly  covered. 

5  so  Sinai  begins. 

756  Sinai  wholly  cover'd. 
13  00  /Indus. 
22  ^jj^Grcinna. 

26  CO  Abulftda  according  to  RiccioUis. 

27  30  Peniadaaylus  begins. 

28  32  The  firft  Limb  of  ^tna. 

29  26  The  whole  of  Pentadaeiyks. 

30  6  The  middle  of  ^ina. 

3 1  00  jEtna  wholly  cover'd. 
35  00  The  Shadow  thro*  the  middle  of  Porphyrites. 
39  50  Ifle  Hiera  and  Rcaria  together  at  the  Shadow. 
41   1  o  The  Shadow  at  Horminius. 

45  10  Mons  Hercules  begins. 

46  10  Mans  Hercules  within  the  Shadow. 

47  10  The  Shadow  through  the  middle  of  Bejbicus. 

49  00  Through  the  middfc  of  Infula  Major. 

50  30  Through  the  middle  of  Bizaniium. 
52  40  Through  the  middle  of  the  Ifle  Qmea. 
56  50  At  the  firft  Limb  of  Carocondometes. 


XLVm.  I. 
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8  00 

9  00 
14  12 


59  30  At  the  firft  Limb  of  ALeoiis. 


Macra  begins  to  be  obfcured  :  Doubtful* 

Maotis  wholly  covered. 

The  remaining  lucid  parts  were  I092=:5^  2/'. 


JXgits 


2. 

^t  Ptfis  ;  by 
M.'tz'Sini, 
Ihid.  f,  65. 
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Digits 

eclipfed. 

P*«/«. 

Timet 

^^       u. 

1 

h.    '     " 

The  Beginning  at 

I  58  30 

The  Arrival  of  the  Shadow  at  Grimaldfts 

2     I  130 

At  73'fZ>ff 

a     8  00 

At  the  Center  of  the  Moon 

2  37  30 

i 

1 

At  the  middle  of  Copernicus 

2  39  30 

At  A-iftarcbus 

2  40  00 

:    8  i6  oo 

At  the  middle  of  ManiUus 

a  54  30 

At  P//««j 

3     I  00 

j    9     2  oo  At  the  lower  part  of  the  Cajpian  Sea 

3     7  30 

\    9  31  20 

At  the  upper  fide  of  the  Cajpian  Sea 

3  1^.30 

10     I  00 

The  great^  Obfcurity 

3  35  45 

4  46  00 

C  The  Returtt  of  the  Shadow  7 
\     to  Ariftarcbus,                 5 

3  47  00 

To  the  Ceniier  of  the  Moon 

4  29  00 

To  Tycho'-   -  >          • 

4  41  30 

The£«JoftheE^i>/^- 

5  13  00 

The  fVbol^  Duration 

3  14  30 

At  ^.  1 3'  56".  the  Apparent  Aftitude  (if  the  upper  edge  of  the  Suriy  was 
id\  and  thptof  the  i^fc^i^.  I^  ri'.  30^  '  •    - 


^t  Dmczickf 
Jp^  M.  Hevelius, 


Ttmeby  the 
Clock. 


I  odthe  Altitude  of  the  BuU's  Eye 
4  30  The  faniic  Altitude. 
9  pc>TaJcciB  again 


3 
3 

3 
3 
3 
3 


Pbafes. 


h, 

I 

2 

2 

2  45  oolThe  Track  of  the  Penumbra 

2  53  00  Penumbra  fomething  denfer 

2  59  00  Still  more  denfe 

3  i  00  Now  very  denfe 
2.  00  The  b^inning  of  theEcIipfe 
6  00  The  lint  Rials 

«2  •<x>  The  fecond  Phafis  — 

14  00  The  third  Phafis 

20  00  The  fourth  Phafis 

22  30  Mount  5/>wi  wholly  covered 

29  00  The  fixth  Phafis 
3  43  00  The  Altitude  of  PoUux 
'5     2  oofThe  Center  of  the  Sun  arifes 


2ati'  '^me  cor- 
tudes.       re£te^. 


33 


14' 
58 

30 


4 
6 


30    00 


48 

32 
10  32 

46  30 
54  00 
3  00  00 
3  2  00 

I 

'4 
21 

23 
30 


00 
30 
30 
30 
00 
00 
GO 


43  00 


17'- 

f 
I 
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The  Colour  of  this  EcKpfe  was  Afh-colour,  or  dulky.  At  itof  Time  of 
<»)fervation  Mons  Porphyrites^  and  Mount  jEtna  were  nearly  in  the  fame 
Perpendicular. 

Phafes  I.  The  Shadow  pafs'd  over  Mount  Eous. 

II.  It  came  to  the  Lakes  of  Arabia. 

III.  It  touched  the  lower  Bank  of  Palm  MaraoiiSj  and  the  Extre- 

mity of  Sinus  Sirbonis. 

IV.  It  pafs*d  over  the  Ifland  Letoa  as  far  as  M.  Sinai^  but  the  whole 

Mountain  was  yet  vifible  and  uncovered. 

V.  It  feem*d  to  pafs  over  Sinus  Syrticus^  fo  that  the  Shadow  now 

covered  all  Mount  Sinai. 

VI.  It  went  above  Sinus  Syrlicusy  beyond  the  Ifland  Crete^  and  over 

Mare  Mortutcm. 

XLEX.  I.   An.  i68i.   Feb.  ii.  Hour  8.  i'.  with  a  Tube  of  \6  Feet  I  took  ^Edhferfti^ 
the  Moon's  Diameter  6702  =  33'.  25''.     Then  the  Diftance  of '  its  neareft  TeST.  4*"'  '^' 
Limb  from  theneareft  Limb  of  Marions  145  =  o'.  43'^     But  the  Diftance  ^''•^lamftced. 
of  the  Limb  of  the  fame  Spot  from  the  remoter  Limb  of  the  Moon  was  6575  ^  '*^*  ^*^^ 
=  32'.  48^'.     Alfo  by  the  Help  of  the  fame  Tube  I  obtained  the  Times,  when 
the  Obfcuration  reach'd  the  Center  of  the  Moon,   and  when  the  Radius  fub- 
tended  its  Arches  in  the  Periphery  that  were  either  deficient  or  after  they  were 
reftored  :  From  whence  the  middle  may  be  derived,   perhaps  not  lefs  accu- 
ratdy,  thkn  from  the  compared  Obfervations  of  the  Beginning  and  End,  the 
Immerfion  and  Emerfion. 


!  .    i  Pba/is] 
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1 


Pbafes. 


The  Times  of  the  Pbafes  correcUi 
by  Pendulum  Clocks. 


Obfervat,  in  Greenwich\htLon£n 


By  wyfelf  (^^Halley.  fly  Haines. 


Famus  at  the  lower  Limb;  by  our  naked  Eyes 
The  Shadow      ---      -...-. 
A  denfe  Penumbra      -     -     ..... 
The  Beginning     ----..-.- 
The  middle  dt  Pains  Maraotis  coverM 
The  whole  of  Maraotis  cover*d 
A  fixth  part  of  the  Periphery  was  obfcured 
Circinna  within  die  Shadow    -    -    -     .    . 
The  middle  of  Porphyrites      -     .      .    -     . 
The  Shadow  fkims  by  Syrbo     -    .    -     .    . 
Firft  Limb  of  Mons  Cdtaractes^  or  of  Gajfendus 
The  Eye  of  the  Dragon     --.... 
It  IkimM  by  the  nearer  limbs  of  Crete  zndjSina 
Mount  jEifia  wholly  covered ;  Hiera  begins 
Hiera  wholly  cover'd     --.... 
The  Beginning  of  Corfica    -     -     -     -     . 
The  middle  or  Corfica    -----. 
Mount  Sinai  begins      -     -     -     -     -^ .  .- 
The  middle  of  Sinai      -     ..--.- 
All  Sinai  covered     .----.'- 
The  Center  of  the  Moon,  or  6  Digits 
The  greater  black  Lake  begins   - 
The  middle  of  the  greater  black  Lake 

The  whole  is  cover'd -    - 

The  beginning  of  Befbicus 

The   middle  of  Befbicus     - 

Whole  of  Bejbicus,  it  glides  by  the  Euxine  Sea 
Byzanlium  begins     -------- 

Horminius  begins      -    - 

Carpathes  .         -  -         .         - 

Mons  Serrorum  .        -        -        - 

ApoUonia         ..... 

Macra        -  j-  -  -         - 

Mount  of  Hercules     -     *  -    -      .      - 

All  Macra  covered      -       -  .    -       -    - 

All  Mount  Hercules  covered     - 

Ccrocondometes  Palus         -       -       ^     . 

Thro'  the  middle  of  the  u^^trLacus  Hyperbor. 

Corocondometes  wholly  covered      -     -    -.    • 

The  Shadow  over  Mount  Corax    -    -     -    - 

It  glides  by  M^otis      -      -      -     .    . 


8  48 

9  4 
9 
9 
9 


II 
12 

14 

18 
20 


21 

28 
29 


38 
8 

44 

3^ 
02 

10 

10 


32 
58 
22 
48 


9  33  46 


36 

37 
S8 
38 
39 


38 
22 
04 
48 

58 


9  43  42 


58 
22 
50 
30 


9  46 

9  47 

9  47 

9  48 

9  50 

9  52 

9  54 

9  59 

10  00 

10  2 

13  04 

14  39 

21   ) 
21   9 

28  44 
30  16 

30  44 

34  48 

37  10 

38  10 

40  36 

41  40 
43  48 


9  44  36 


24  9 

44  9 
26 

9 
9 


10 


h.  '  " 


9  12  18 
perh.foon. 

9  »3  48 


51  ax 

53  33 

54  53 

55  33 


38 

10 
20I10 


9  59  53 


1  17 

2  38 


9  28  19 
9  30  " 


9  34i^ 
9  3< 

9  40  48 

9  44  X3 


1 


Throut 
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Through  the  lowe»  l/i(m  Hyperboreus 
Through  the  middle  of  Inftda  Major 
Locus  Maotis  almoft  wholly  covered 
A  fixth  part  of  the  Periphery,  the  reft  bright 
Immerfion      -     -------- 


h. 

lO 
10 
lO 
lO 


5 
6 

7 

ID 


54 

28 

14 


h. 

10 
lO 


3  53 
8  CO 


to   10    II 


h.    ' 

lo    6  48 
10    9  48 


P 
V 


Emerfion     --------- 

A  fixth  part  of  the  Periphery  illuminated, 
with  the  firft  Limb  of  MaraotU  -  -  - 
The  middle  of  Mar^eaiis      ------ 

All  Maraotis  illuminated 

The  Shadow  thro*  the  middle  of  Porpbyrites 

All  Porpbyrites  covered 

All  Circinna    --.----*-. 

It  glides  by  the  Sinus  Sirbonis      .     .     -     - 

GuaraSes  Sirbonis j  or  all  GaJfenJus 

Hiera  b^puis      .-.------ 

jfi/ff^  begins  to  emerge      -     -     -    -    -    - 

Thro'  the  middle  of  the  greater  black  Lake  - 
Through  the  middle  of  mhia  -  -  .  -  - 
/Eina  wholly  uncovered     -    ,  -     >    -    -    - 

Creii  is  illuminated 

Simi  begins      --     -     -     --,--• 

The  middle  of  Sinai     -     - 

M^  Sinai --- 

The  middle  of -S^Vw     -      .      -     .     .     - 
Tlie  Center  of  the  Moon,  6  Digits  uncoverM 
Thro'  the  middle  of  the  u^^tr  Hyperborean  lake 
The  Shadow  thro*  the  middle  of  Bizaniium 
Bizantium  without  the  Shadow      -    -     - 

All  Macra     -- 

All  die  Jnfula  Apollonia^  and  Horminius 
The  lower  Lacus  Hyperboreus     -      -     - 
Blount  Hercules    .-...--- 
The  middle  of  Corocondometes  at  the  Shadow 
Mms  Corax    -------- 

M^iis  begins  to  be  enlightned    -    -     - 
M^oiis  wholly  uncovered    -    -     -     -     - 

/         ;h  jxirt  of  the  Periphery,  the  reft  obfcure 

* =ddle  of  the  greater  Ifland  of  the  Cafp^  Sea 

i      .  ..jole  Ifland  uncovered      .    -    -    - 

^""d  doubtftil 

■d  certainly > 


II 
II 

II 
II 
II 
II 
II 


47  38 
50  02 

50  42 

51  6 

52  50 

53  34 
58  18 


II  47 
II  50 


II  50  58 


"47  48 
II  50  48 

II  5^  54 


12  I  00 


12  3  20 


12 
12 
12 
12 
12 
12 
12 


12 


12 


12 

12 

12 

12 
12 
12 


5  18 
7  34 

13  38 

14  28 

15  34 

»7  34 
18  28 


20  50 
24  24 

31  38 
33  18 

39 

42  18 

45  »o 

45  38 


11  58 

12  3 


12  4 
12  5 


12  14 
12  14 


59 
14 

»9 

4 

12 

55 


12  19  5 


12  20 

12  22 
12  24 
12  26 
12  30 

12  32 

12  37 

12  41 


25 
36 
16 

6 

56 

37 
57 
22 


la  3  48 

i«  5  45 
12  13  43 

12  17  48 

12  20  r8 

12  31  18 


12  44  35 


12  32  18 

12  38  3 

12  42  18 

12  44  48 

12  45  18 


ai..  L 


Uu 


During 
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During  the  Eclipfe  Mr.  HdlQy  together  with  Thomas  Smith,  took  the  follow- 
ing Diftances  of  the  Moon  from  the  fixed  Stars  with  a  Sextant. 


TivKs  cor 
re8.  hy  the 
Clock. 


h.  ' 

8  53  07 
8  55  07 


KJx/Jvrv^t  f  VfPj  • 


-i-^< 


0£  the  remoter  limb  of  the  Moon  from  Regulus 

•  Repeated 

92  34  Of  the  remoter  Limb  of  the  Moon  from  the  bright  Star 
p    in  the  Lion's  Side  . 

Repeated 
Of  tljie  r^rrtotjer  Limb  of  theMoon^from  Regulus^  again 


9    4^8 
9     8  42 


'i    n  .4- 


T 


he  Moon  being  intirely  immerfed  in  the  Shadow, 
-.   Mr.  Halley  with  me. 


10  19  21  O^  the  neareft  Limb  of  the  Moon- from  Regulus 

1 1  3?  06 : :  .  Of  the. remote  Limb  from  Regulus 

II  41  48    I  .     -  Repeated 


'    '  And  when  the  Eclipfe  was  over,  - 

12  52  00  Qf  the  remoter  Limb  from  iSrj'w/wj,  again, 

12  55  10  Once  more 


DiftoHees* 


8  o^  20 

8  06  20 

14  58  15 

14  57  55 

^  11  5 


8  13   3c 

9  ^3  5^ 

9  ^5   3f 


9  58  ^^ 
10  00  ool 


JP9afes 
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Phdfes. 


At  Paris. 


In  the  R^'d  Obfirva- 


Cclkge  of 
Clarmont, 


By  OJfm. 


The  Beginning 

The  middle  of  Arifiarcbus 

The  middle  of  Copernicus 

The  Beginnir^  ofTycho 

The  end  of  Tycbo 

The  Beginning  of  Plato 

The  Center  of  the  Moon 

The  Center  from  a  Comparifon 

of  the  beginning  and  end 
The  middle  of  ManiliKs 
Menehms 
dimxfius 

The  Acute  Promontory 
The  Beg^ning  of  Cafpia 
Th&  End  of  Cafpia 
The  Moon  intirely'immerfed 
The  Beginning  of   Emerfion 
between  Grimald.  and  GaliUus 
The  middle  of  Arijiarcbus 
The  middle  of  Plato 
1  he  middle  of  Copernicus 
The  middle  of  Tycho 
The  Center  of  the  Moon 
The  Center  by  Comparifon  of 
the  Emerfion  of  the  Limbs 

I  The  middle  of  Manilius 
The  middle  o{  Menelaus 
Diot^^fius 

Thd  Acute  Promontory  • 
The  Beginningof  Cafpia 
The  End  of  Cafpia 
.  iThe  end  of  the  Eclrpfe 


h.   ' 

9   20  S5 

9  29  57 
9  38  45 
9  45  52 
9  47  40 


By  Picard 

and  De  la 
Hire. 


At  Copenhagen. 


By  Father 
4eFonteney 


9  49  47 


9  5O'  24 
9  53  i^ 
9  56  43 
9  57  09 
ID  04  31 

10  II  40 
10  16  27 

10  19  53 

11  57  51 

12  02  00 
12  12  06 
12  14  32 
12  23  35 


12  26  eg 

12  26  22 

12  29  08 

12  32  30 

12  39  45 

12  41  53 

12  47  15 

12  54  27 


h. 

9 
9 
9 
9 
9 
9 
9 


9 

9 

9 

9 
10 

10 
10 
10 


21  58 
29  33 

38  25 

45  48 
47  36 

49  08 
51  10 

50  M 
53  30 

56  20 

57  40 
04  15 
II  25 
16  30 
19  30 


'ByR&emer. 
Aredu3fian 
of  Meridi- 
ans being 
made^fubt. 


21  25 
20  28 
38  40 

45  48 
47  20 
49  25 


11  56  00 

12  01  55 
12  12  10 
12  14  30 
12  23  55 
12  25  50 

12  25  15 


12 
12 
12 
12 
12^ 
12 


2g  20 

33  15 
39  50 

41  30 
46  30 

54  30 


9 
9 
9 

10 
10 
10 
10 


50  10 

51  18 
5&  14 


04  12 
II  20 
15  50 
^8  55 


h. 

9 
9 
9 
9 
9 
9 
9 


21  50 

29  50 
38  48 

46  20 

47  50 

49  50 

50  20 


11  58  00 

12  03  09 
12  13  26 
12  14  29 

12  24  2  1 


12  26  08 

12  26  20 

12  29  22 

12  3^  20 

12  41  II 

12  48  20 

12  54  17 


9  50,  30 

9  53  20 

9  5^  ' 

9  57  20 

10  04  20 

10  II  i^ 

10  16  20 

10  19  50 


11  55  2c 

12  01  50 

12  12  20 

I2  23  20 

12  26  20 

12  24  50 

12  26  20 

12  29  0£ 

12  32  50 

12  39  50 

12  47    20 

^2  5|    20 


2. 

Copenhagen. 

N.  146.  ^  145. 


UU2 


^ime 


.3- 

At  Dant- 
ftickj  kf^* 
Hevelius. 

n.  p.  146. 
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Time  hy 
the  Watch 


h.  ' 
8  41 
8  44 
8  48 


18 

9 
14 


f 


10  8  28 
10  12  50 
10  19  5 
10  23  50 


10  24  30 


10  29  45 


10  32  13 


10  36  30 


10  43  25 


10  47  25 
10  52  20 

»o  55  45 


II  o  33 
II   430 

"  9  59 


ecHpfed 


8 


Jltitudes  of  the 
Stars. 


By  what  Spots  the  SedUons  of 
the  Shadow  pafs'd,  and  what 
was  obferved  befides. 


Bull's  Eye  39  53 
Again  39  27 
Again        39    o 


liDig 


2  almo 


2ialm 


3i 


44  Dig 
65^    - 

6i 


10 


7iDig, 
94 


Begin.  Penumbra  very  dilute. 
The  Penumbra  more  dcnfe. 
The  Penumbra  ftill  thicker. 
The  Penumbra  very  denfe 


Begin.  Eclipfe  about  i50*ofthe 
Limb,  or  95''  from  the  upper 
point  of  perpendicular  Line  of 
90th  Deg.  towards  the  Eaft. 

It  proceeded  by  M.Germanician 
to  Mare  Syrticum  and  M.Acabe. 


By  M.  Porpbyr.  Loca  Paludofa^ 

Ifle  Circinna,  Sin.Syrticus^  over 

M.  Sacer^  and  Mare  Cafpium. 

By  M.  Baron,  the  Ifle  Mthuja^ 

thro*  the  middle  of  8in.  Sir- 

honiSj  and  Mount  Pharan. 

Thro*  bay  oiApoUo^  M.  ^tna^ 

the  Ifle  Letoa^  to  Ifle  Vtdytna, 


To  IRtsMajorca^  Vulcania^  Lsm- 
nosj  Carpathian  and  M.  Horeb^ 
To  the  greater  black  Lake,  by 
M.  Argentariufa^  Sipylus^  Ma* 
ficytus  \  ^ahor^  Sinai^  and  the 
Defert  of  Raphidim. 
By  the  Hyperborean  Rocks,  Ifle 
Bejhicay  M.  OlympuSj  Didy- 
mus^  and  M.  AntiUbatm. 


Time  cor^ 

nScdby 

Altitudes. 


h.  ' 

8  40  46 

8  44  20 

8  47  59 


10  9  c 
10  13  20 
10  19  'jjS 
10  24  24 


10  25    5 


10  30  30 


10  32  50 
10  37  IC 
JO  44  tc 


10  48  15 
10  53  10 

10  56  4c 


At  the  Ifland  Cyanea^  M.Hor' 
mnius^  M.  Uxii^  M.  Cabacarani 

By  M.Ambonus  to  Ifle  Apoffoma, 
and  the  Athenian  Bay,  by  M. 
l^V,  and  Caibacarani. 

By  the  upper  Hyperborean  Lake> 
Ptf Aix^  j^f«,  by  M.  Hercuieusy 
and  the  utmoft  Bay  of  P«;i/«j. 


II 


rx 


II   xo 
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h.   '  " 
II  13  30 


n  16  30 

II  19  10 
II  22  o 
II  26  30 


II 
12 

'4l 


'1  35  36 

>>  37  35 

11  38  50 

12  58  20 


I     o  40 15 


10  Dig 


loialm 


1 2  Dig 


tDig. 


»     3  35 
I     8  10 


I  II  48 


I  16  20 


I,. 


i6'ii 


'7 


2  almo< 


(8 


19 


I    20  5020 


2i  aim 


3i- 


4i  D5g 


By  the  lower  Hyperborean  Lake, 
Mons  Cimmeritts^  and  to  the 
lower  Bay  of  the  Cajpian  Sea. 

By  the  Riphean  Mountains,  Pal 
ALtofis.  and  Ifle  Alopecia^  to  the 
greater  C^y^  Ifle^by  M.Nerofus. 


Bank  of  Pahs  M^oih^   and  M.  12  20  10 

HippO€U3\ 

By  Mount  ^/<gtfffj^  to  the  lefler.ii  23 
Weftern  Lake. 

Total  Obfcuration  was  obferved  11  27  30 
about  297^  of  the  Limb,  or  in| 
94"  from  the  upper  Point  of 
the  perpendicular  Line  of  the 
90th  Deg-  towards  the  Eaft, 


Of  PaUttx 

Again 

Again 


5^° '3' 
52     o 

51  41 


h.  ' 
II  14  27 

II  17  17 


The  Recovery  of  Light  was  a- 
bout  I  iS"*  of  the  Limbj  or  in 
88^  from  the  upper  point  of 
the  perpendicular  Line  of  the 
90th  Degree  towards  the  Weft, 


At  Mount  Alabaftrinusy  Mount 
PentadaSl'jluSy  Mount  Judusy 
and  Palus  Mar^eotis-^ 

By  M-  Porpbyritesy  to  Mare  S/r- 
ticumy  and  by  Mare  Eoum. 

By  M.  Baroniusy  the  L^ca  Palu- 
dofa^  the  Ifle  Circinna^  between 
Mare  Syrticutn  and  Egyptiacum^ 
at  the  Bay  of  Syrbon. 


i«  37  -4 
II  38  4^ 
II  39  ZS 


o    8 


2  31 


'     5  S^ 
I  10  ^2 


By  the  Bay  oi  Jpollo^  the  Ifle  Ta- 
raciniay  the  Ifle  jiEibufay  and 
the  Bay  of  Syrbon. 

At  the  liiand  Majorca,  by  Mount 
jEtna^  M.  Neptune^  Jachynthus^ 
the  Ifland  Letoa,  the  Ifland 
Didymay  and  Mount  Lyon. 

At  the  Ifland  Corjcsj  by  the  Ifland 
Vulcania^  and  Carpatbus^  at  Af  jrf 

.  Mortuum^  by  the  Dcfcrt  of  5/mi. 


I   13  54 
I   18  33 

I  23    6 


ft.  \' 

t  84  39 


i  26  25 
»  «8  32 


22 


6  almo. 
23^ 


I  31  12 
I  35 


24 


59*5 


I  S9  33 


26 


1  41  45 


20  2 


I   44   I 

I  47 

t  5^  44I30 


21  5tDig. 


27 


92^ 


7tDig 
8t 

9  Dig. 


9iDig. 


10 


1 1  littki 
more. 
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At  Mons  Argmtarius^  Mare  Tarn- 
pbilium,  Ifle  of  Cyprus^  by  M. 
Horminius. 

By  M.  Apeminej  to  the  Lake 
Thrqfimenumy  at  Mount  Sipulusy 
by  the  lower  M.  IJbanus. 

To  Mount  Carpatbos^  by  the  Ifle 
Bejbica^  M.  Olympus^  DidymuSy 
and  Mount  Ddangueros. 


By  Mount  P^r^,  BpMntium^  to 
Mount  Horminiusy  and  by  M. 
Antitaurus. 

By  »S/»«J  CirciniteSy  the  IfleAfoff  tf, 
the  Ifle  Apollonian  the  middle  of 
Mount  Mofchusy  and  the  Scgdian 
Mountains. 

By  the  lower  Hyperborean  Lake, 
the  Marfli  5yr^,  M.  Strobilus^ 
by  the  extream  Bay  of  Ponlusj 
and  Mount  Paropamifus.  • 


Between  the  Marfli  of  ^r ^,  Lake 
Corocondomeiesj  by  M.  Hercuks^ 
and  the  lower  M.  Caucafus. 

By  M.  Cimmeriusy  M.  Tancon^ 
and  Mount  Ner&Jiis. 

By  Pj/^/  Meotisy  by  the  lefler  Ifle 
of  the  Cafpian  Sea,  and  by  the 
uppi  ;  Mount  iVir^y&j. 

By  Mount/fA?«/;»^,Mount  Sa^&us^ 
and  the  Mounts  Hippocus. 


h.  ^ 
I  27    o 


I  st8  40 


I  31 


'  33  44 
I  38  37 

I  42  15 


I  44  30 

I  47    9 

I  50  14 

I  54  42 


I    56    I2i 


1  57    10 

2  I    15 

2  2  30 
2  10  20 
2    12    30 


12  Dig. 


2   15  39 
2   17   3.^ 


4. 


End  about  294*^  of  the  Limb,  or 
97°  from  the  upper  pomt  of  the 
Perpendicular .  of  the  nonage- 
fim  towards  the  Weft. 

A  very  denfe  Penumbra. 

Still  very  thick. 

Something  more  dilute. 

A  viery  dilute  Penumtjra. 

The  End  of  the  Penunjibra. 


Ak.  Pol  tif 
Same  Alt.  28 


12 
46 


I  59  17 


2     o  17 

2     4  27 

2  5  45 
2  13  42 
2   15     0 


2  19     7 
2  g^     8 

In 
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In  the  Progrefs  of  the  Eclipfc  the  Shadow  was  very  dilute,  and  its  Limb 
was  uneven  and  ill  terminated,  fo  that  it  was  very  dijfficult  to  determine  the 
Phafes  from  the  Beginning,  nor  could  it  be  exaftly  diftinguifli'd  thro*  what 
Spots  the  Shadow  paffed ;  yet  in  proccfs  of  Time  as  the  Eclipfe  went  on,  all 
things  became  more  diftinft.  The  Colour  from  the  Beginning  was  fufficiently 
doll,  obfcure,  and  gloomy,  as  if  the  Eclipfe  would  (hew  itfelf  about  the  great- 
eft  Obfcuration,  like  that  in  the  Month  of  jipril  in  the  Year  1642,  fo  over- 
lhadow*d  as  hardly  to  be  perceived.  But  the  thing  fell  out  otherwife ;  for 
when  the  Moon  was  quite  eclipfed»  its  whole  Difk  was  perfpicuous  enough  to 
the  Eye.  For  then  its  Colour  was  quite  ruddy,  bloody,  or  like  Ruft,  which 
continued  tili  the  Moon  had  half  recovered  her  Light,  and  then  again  it  ap- 
peared pretty  dark  and  dulkifh. 

L.  The  Obfcrvation  of  this  fmall  Eclipfe  was  very  difficult,  becaufe  oii!titjinSeS^$^tb$ 
eblique  Incidence  of  the  Moon  into  the  Earth's  Shadow,  and  the  Thinnefs  <rfiU[**^|?°*J^* 
ihe  Shadow,  through  which  we  could  very  plainly  perceive  the  Limbof  theGJecnwichTVr 
Moon>  even  in  the  middle  of  the  Eclipfe.     We  could  not  accurately  define^^^'^^jj^^f^^ 
the  Parts  of  the  Diameter,  which  were  then  deficient  from  the  true  Shadow,  '     •  •  '^^ 
Becaufe  the  Limits  were  foconfufed.    I  therefore  took  the  Diftance  between 
Ae  Cufpids  tho*  ill  defined,  about  the  middle  of  the  Eclipfe,  from  whence  the 
iiud  Parts  might  be  eafily  deduced,  and  with  lefs  Danger  of  Error. 


Tim  by  the 
dock. 


T^rneTimei 
Obfervat. 


h.  ' 

1  40  40 

2  4  30 
6  40 

12  o 
16  00 
18  00 
21  36 
26  00 
30  00 

42  00 

43  00 
50  00 

54  00 
57  oc 
I  I   o^ 
20  oc 


h. 

I 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 
3 


Objkrvations. 


31 

54  58 

57     8 

2  20 

6  28 

8  28 

12     4 

16  28 

26  28 

32  28 

33  28 
40  28 
44  28 
47  28 

I  28 
10  28 


Tendency  to  an  Eclipfe 

Diam.  or  the  M.  by  a  Tube  of  16  feet  was  1 6o5= 

-----     --     --     repeated  6430= 

A  denfe  Penumbra,  perhaps  the  beginning 
The  Shadow  had  defaced  the  limb  above  M.  Sinai 
The  Shadow  was  certainly  within  the  Difk 
The  Chord  of  the  darkned  Periphery —  1670= 

'    •    "     •     rcp^ed  2010=: 

----  •---.      Again  2290 

The  Eclipfe  fenfibly  decreafed 
Between  the  darkned  Cufpids  again  1895= 

The  End,  but  doubtful  to  me 
Certainly  ended,  my  Affiftant  Smitb  agreeing 
A  denfe  Penumbra 
And  ftill 

The  fouthern  Limb  had  hardly  yet  recovered  the 
Brightnefs  of  the  northern  Limb:  But  its  Light 
was  duller  than  in  the  northern  Limb,  as  it 
a^pear^d  in  the  firft  Obfervation. 


31 
3^ 


8 

10 
II 


Si 
4 


2d 

i 


9  20 


LI.  It 


>  Eetipfirftbe  LI.  It  rcquircd  no  little  Skill  and  Labour  to  manage  our  Tubes,  tho*  they 
(jf-l/.f  ^Ms^  were  but  fliort,  of  5,  6,  and  7  Feet,  and  to  keep  them  fo  fteady  to  the  Moon, 
-rDtnteicki  fo  that  we  might  truly  diftinguifli  the  Penumbra,  and  exaftly  mark  out  all  the 
v^j^p'.^^e. Phafes,  through  what  Spots  they  pafs'd,  or  what  they  arrived  at  in  every  par- 
ticular Inftant  of  Time.  But  I  performM  this  as  well  as  I  was  able,  and  as  far 
as  the  fevere  Seafon  and  floating  little  Clouds  yroiild  allow.  Firft  it  may  be 
obferved,  that  a  very  denfe  Penumbra  went  before  the  true  Beginning  or  the 
Eclipfe,  fo  that  I  could  hardly,  if  at  all,  diftinguifli  the  Beginning.  As  to  the 
Colour,  it  is  chiefly  to  be  noted  in  this  Eclipfe  •,  for  I  have  very  rarely  found 
fo  great  a  Diverfity  in  Colour,  Sometimes  it  was  rufty,  or  of  the  Colour  of  a 
Weefel ;  but  when  the  total  Obfcuradon  came  on,  the  Limb  of  the  Moon 
was  up  and  down  fomething  livid,  and  partly  brightifli  and  ruddy.  But  in 
the  middle  of  the  Moon  a  denfe  and  obfcurc  little  Cloud  was  feen,  fo  that  wc 
could  not  well  diftinguifh  the  Spots  in  the  Moon.  This  blackifli  Cloud  ad- 
vanced by  degrees  towards  the  Right  Hand,  and  to  the  Palus  Maotis  \  fo 
that  about  the  Beginning  of  the  Recovery  of  Light,  the  whole  genuine  Sha- 
dow appeared  very  dark  and  black  ;  and  about  the  lafl:  Phafis  taken  Notice 
of,  the  remaining  part  of  the  Moon  (till  obfcured,  or  its  Limb,  could  not  be 
feen  at  all. 


9 

Timeaccor. 

Alt.  Sun^ 

1 

to  Ckck 

Oifervailes: 

Moon^and 

Through  what  Spots  the  SeSions  of  the 

1 

cor.  by  Alt, 

fixt  Stars. 

Shadow  pafs'd. 

Merid.  Ak. 

0     /      // 
rr  39    0 

■ 

h.   '     " 

of  the  Sun. 

^  t^ 

2 

3   19     0 

Alt.  of  the  S. 

1 54  0 

4  28     0 

Alt.  Moon 

90^ 

5     ^  30 

Alt.  of  Ca- 
pella 

31  0  0 

580 

Alt.  of  Ca- 

peUa 

31  2  0 

Dubious 

9  32  25 

Penumbra 

9  42  35 

Penum.more 
denfe 

' 

" 

9  48     5 

Penum.  very 
denfe 

9  50  10 

Begin,  as  far 
as  could  be 
collefted 

I 

9  53  ,20 

Pal.MarMtis 
wholly  co- 
vered- 

At  Mount  Andusy  and  Pal.  Marmot. 

2 

9  57    0 

By  Germanidanusy  to  Mare  Sjrtuumy  anc 
Mount  Acabe. 

3 

10    0  15 

M.Porphyrit. 
not  yet  co- 

To Mount  Porplyritesj  over  Mare  Syr 
ticum^  and  Mount  Ajax. 

vered. 

"B^ 
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h.    '    " 
410    3    5 


5 10    6  25 
^lO  10  25 


8 


10  14  55  Illand  ik&/(9J 
now  wholly 
covered. 

10  19  55 


10  24  5 
10  27  10 

10  31  27 
10  36  o 
10  41  20 
10  45  35 

10  48  40 

5|io  52  10 
f    V  L.  I. 


10 


II 


12 


13 


14 


Xx 


By  Jlfe^w  Prff£,  between  the  Die 
Circinnay  and  Ifle  Terracsnnia^ 
by  f/Vwx  Sirbonis^  and  die 
Marihes  of  Arabia. 

To  the  Ifland  Ttcaria^  MaUa^  M. 
^/&^j,  by*  Mount  Pbaran^  and 
Mount  Tr^/ncj. 

To  the  Bay  of  Afolh^  by  the  iQe 
of  Error y  by  Mount  ^/M,  the 
Ifles  Leioa  and  Didyma. 

Above  the  Bay  of  Apolh^  to  the 
Lake  of  Hercules^  the  Ifle  of 
.Sr«'^,  by  M.  Partbenius  and 
7^/^^/«j,  IfleAfefoj,  and  M.L/m. 

To  the  Ifle  Mimrca^  thro*  the  Bay 
of  Pafiamsj  M.  ACcabj  IQe  of 
Cyprusy  M.  -K?r.  to  M.  5/»«, 
and  the  Defert  of  Rapbidim. 

To  Mount  DguftinuSy  Poffj^^eus^ 
between  M.  Sipulus  and  Dldy- 
musj  by  M.  Ubams  and  Seir. 

Above  Mount  Niger  the  Lsfs^ 
by  Mount^^»»/»^,  Ifle  Bejbica^ 
Mount  Cinueusy  and  Mount 
Calcbaftan. 

At  M.  SerroruMy  and  Carpatbos^ 
at  Byzantium^  by  Mounts  i%r- 
miniusj  Taurus^  and  Delanguer. 

By  Mounts  Macrocemniiy  the  I- 
fland  Cyanea^  Mount  AmanuSy 
and  Antitaurus. 

By  the  Ifland  Macra^  by  the  £- 
ricbtenian  Rocks,  AfbenianB2Lyy 
and  P<j/«J  Arce/a. 

By  the  upper  Hyperborean  Lake, 
Ptf/«j  ^r^,  Ifle  y*-^,  Mount  of 
HerculeSy  the  utmoft  Bay  oi 
Pontus^  and  M.  Parapomis. 

At  the  lower  Hyperborean  hske^ 
Mount  ImmeriMSj  by  M.  C^r<?^, 
7i//f flir,  the  lower  Bay  of  the 
Cafpian  Sea. 

By  the  Ripbean  Mounts,  P<«/{/j 
Meotisy  the  greater  Caftan 
Ifland,  and  ik&iri  Nero/us. 


The 


h.  '     " 
10  56.  35ft»|oQn 


(  33 


10  58  25 


noit 

ctackned. 

Totallm- 

tnerfipo. 


n 


F7 
18 

f 

20 


II  20  45|A]|Cm]de  of  131,    S 

Procycm. 
^^  25  45(' The  fame  gi  38 

Altitude.   1 

11  36  o  That  dark  t 
Shade  oc  lit-r 
tie  Cloud    t 

J  plainly,  feen 

la  the  mid. 
of  M's  Diik  - 

12  43    olThe  begin. 
ofEmerfton^ 
or  Recovery 
of  Light.    ' 

1 2  46  40  Pal  Maraot. 
now  entirely 
.coyer'd. 


12 
12 


5^ 
57    o 

5    o 


To  Moynt  Audus^  not  far.  irpn^ 
P^Aw,  Mar^oiis. 

By  Af/ir^  jBc«»f,  A/^r^  Syrticutif^ 
and  Mount  G^^/irj. 

By  the  leffer  Mount  jltlas^  be- 
tween the  Ifles  Cirqnna  and  Tij- 
racifda^  by  the  Egyptian  Sea,  the 
5/>r.  Sirbonis^  and  M.  Pharan. 

To  the  Iflands  Majma^  Sardinia^ 
and  //i^r^ ;  by  M.  .^/m,  the  lilc 
jl4i?/gj,  to  M.  iijyg^  and  Hajalon, 


The  Beginning  of  the  Eclipfe  was  a  litde  above  Palus  Maraoti^. 

Thj^  total  Obfcdration  was  at  MtmsSanam^  below  P^i^  MotmHs. 

Thie  Recpvery  of  Light  happened  nearly  in  the  f^me  Place  where  it  was  loft. 
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9  19  oo 


The  Pmadrd  was  very  obfcure^  fed  the  B^nt^  of  the  JB-       ,  2 
lipfe  Was.  at  hand.  At  Nurcm. 

9  23  30     The  £J/>y^.  was  begutiy  the  Quantity  almoft  half^  a  U/^/V,  and  Jjjiinttfe.^* 
the  Dlftqnpe  between  the  Cufps  was  about. 42   Degrees  of  the  n.  iS*.  ^  i^ffif 
Moon's  Limb,   and  Pahs  Maraotis  ^yas  jwfk  all  eclipfed\  hence 
we  majy  conclude  the  Beginning  ibopt  9^.  2  r'.  30''.     . 

10  23  30  As  near  as  I  can:  colleft,  was  the  time  6f  the  vtotal  Immerfion 
into  the  Shadow,  to  Verify  which,  the  Azinfiuth  of  the  Moon's 
Center  wa§f  obferyed  to' the  Eaft,  ^i^.  18";  t'  ii"  oi  Time  af- 
ter the  faid  Immerfion. 

12  13  o  Or  10'  if  before  the  Culminatm  6f  the  Right  Shpulder  of 
Orion  J  was  the  Emer/ton^  .6r  firft  Appearance  of  the  Moon  out  of 
the  todal  Darkneife.  .  .      . 

I  i4alm     Was  the  juft  End  of  the  EcUffe-^  being  2'  20''  before  the  Cud- 
Vninaiidn  oiSyrius. 

Whence  the  ikiidito^  this  Eclipfe  fliould  have  happciied.it  \\^.  1%'  p.m. 
at  Nuremburg :   the  7oial  Duration  f.  5^  4'' ;  and  the  Totil  Darknefs  1^. 

49'  30".         ;     . 

The  Meridian  Aititiide  of  theMoori*s  upper. Limb  was  obferved  63^  23' 
50'',  and  the  Moon's  apparent  Diameter  while  totally  eclipfed  was  found 
30'  of. 

3.  M.  WiirtzeAaur  made  ufe  of  a  Pendulum  Clock,  correftfed  by  Altitudes :  |j!^J^;/^;^^ 
According  to  his  Obfcrvation, .  /j/^'lt  1*47* 

h.  '     "  , 

9  23  30     Was  the  Beginning  of  the  Ecliffe\   at  about  119  Degrees  rf 

^he  Limb  of  the  Moon  in  Hevelius\  Selenography. 
9  ,24  50  •    Palus  Marmotis  was  all  qpvered.  .    ^  .       .    . 

10  25  20     TheSr<?/<»/  Immerfion^  about  the  299th  degree  of  the  Limb  of 

the  Moon. 
12  1 1  30     The  Moon  began  to  emerge  out  of  the  Shadow,  about  the  ii2th 

Degree  of  herXimb. 
I  14  gbl    The  JEwi  of  the  Ectipfej  about  the  295th  Degree  of  the  Limb. 

By  thefe  Obfervatiohs,  the  Midfie  of  the  Eclipfe  ought  to  have  been  about 
ii\  19'.  p.  m.  at  Nuremburg  '^  differing  but  one  Minute  from  M.  Eirmarlh 
pbfervation. 

e  Duration  will  be  3^  51',  and  the  Total  liarine/s  i\  4&\ 


TThe  B^ihning 

Immerfion 

B!merfion 


Xz  2 


8  02 

9  06 
10  50 
n  57 


Mt,  Jacobi. 
N.  184*.  f  •  ao6« 


Pto7^^« 
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Lll. 

An  Bciipfd  cfth 
Momt  Nov.  If. 
j6B6.  at  Dub- 
lin i     hy  Mr* 
W.  Molincux. 
M.  18/.  f.  236. 


Pbafes. 


A  notable  Penumbra 

Clouds  interpofmg,  the  beginning 
could  not  nicely  be  determined ; 
therefore  with  Uncertainty  I  fup- 
pofeEcl.  began.9^.  25^,  or  g^.  2/. 

The  Shadow  was  at  Palus  Maraotis 

Palus  Maraotis  was  cover'd 

Mount  Sinai  was  covered 

Mount  Tbambej  was  covered 

Mount  jiuJus  was  cover'd 

Mount  Neptune  ccver'd 

The  Shadow  at  Mons  Syfylus 

The  Ifle  Circinna  cover'd 

At  Mons  Diifmus 

Mons  Didymus  is  covered 

Mount  Judus  emerges 

The  Shadow  at  Pabts  Maraotis 

Maraotis  emerges 

At  Mount  Sinai 

Sinai  emerges 

The  end  of  the  Eclipfe 


Times. 


9 
9 
9 

9 
10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

II 

II 

II 


15  00 


27   CO 

38  20 
40  20 
46  30 
01  20 
08  00 

14  00 

15  10 

16  40 
18  20 
20  10 

23  GO 
48  3c 
52  CO 

38  00 

39  30 
04  00 


Ohfervahks.  The  Times  were  thofe  of  a  Pendulum  Clock,  reftified  by  the 
fixed  Stars. 

The  Obfervations  marked  with  an  Afterifm  were  taken  through  the  Open- 
ings of  the  Clpuds,  and  therefore  I  cannot  accopnt  them  as  exaft.  The  Quan- 
tity of  this  Eclipfe  I  think  was  fix  Digits, 

AfEofpfftfthi     LIII.  Half  a  Qjiarter  of  an  Hour  after  7  in  the  Evening,  the  Moon  arofe 
fSU.'  il^oi'  ^^^^9   but  of  a  deep  Red  Colour  without  any  Sign  of  Eclipfe :  At  7*^^  the 
tow  \  iy  M.    Moon  went  into  a  thick  Cloud,  but  was  again  clear  at  y^.  38^  wnen  the 
k"S!T4S3.  Under  fide  of  the  Body  of  the  Moon  was  i^egm  to  be  obfcurejy   in  a  clear 
'  Sky ;  flie  being  then  in  the  25th  Degree  of  Libra^  and  6^*1  above  the  Hori- 
zon.   (Suppofc  the  Center.)     At  9^.  the  whole  Under  Side  of  thie  Moon  was 
eclipfedi  and  about  8'  after  Q*'  it  was  at  the  Height,  or  rather  feemed  to  ^-^^ 
crcafe.    At  9**^  there  was  ftill  a  thu-d  Part  of  the  Moon  cclipfed.    (^upf     : 
of  her  Circumference,)     About  I.o^  it  decreafed  apace,  and  at  10*4  XL.    : 
was  but  little  to  be  feen :  At  io\  45".  it  was  certainly  ended>  the  Mow 
ing  then  about  %%""  high. 

Jmwrfii    • 


-t 


(^34t'  ) 


bmerfions. 

Times. 

Emer/ions. 

7/w^j. 

the  Beginning 

h.    ' 

6    8i 

Porpbyrttesy  and  the  middle 

h.  '     '' 

Porpbyrifes  immerged 

6  i6 

of  M,  y£/»a 

8     7  00 

North  part  of  Maraotis 
Lacusriiger  Maj.  and  South 

6   2li 

Horminius     -       .     .      - 

8  17  30 

Mms  Her  cults     -      -     - 

8  18  30 

End  of  Maraotis 

6  26 

Bejbicus      -       -       -      - 

8  21  00 

Bejbicus 

646! 

ApoUonia      .       -       -      • 

8  26  15 

ApcUmia        -        -        - 

6  49i 

Byzantium        •        .        - 

8  29  00 

Byzantium        .        -       . 

653 

jLtff «j  iVi|'^  My^ 

8  32i 

Harmtmus        -         .       - 

6  59 

South  part  ot  JWi><7//V 

8  35 

North-part  of  M^otis 

7     2{ 

North  part  oiMoeotis 
The  End       -       -       . 

.843 

Mms  Car  ax       -      -      - 

7    3i 

8  49I: 

Mms  Hercutis     -     -      • 

7  10 

South  part  of  AUotis 

7  i2i' 

LIV.  I. 

An  EtUpCe  •fth§ 
Mtrn,   OBt.  19* 
1697.  at  Ch»* 
ftcr  i  ij  Mr. 
Edm.  Halley. 


P        About  the  Middle  there  remained  9  26"  of  the  luminous  Part,'  and  confe- 
quendy  die  Digits  eclipfcd  87.  . 


Time  cor- 
reSed. 


A 
B 
C 
C 


— B 


C  — A 


h.  ' 
6  20 
6  21  2 
6  22    3 
o  00  36 


36  The 


7  The 


o     I  27 
^  3^  34 


Obfervations. 


acutr  Promontory  at  the  firft  oblique  Thread, 
preceding  Limb  of  the  Moon  at  the  perpendic. Thread. 

Thfe  acute  Promontory  at  the  perpendicular  Thread. 

The  Diflference  of  the  Tranfit  over  the  perpendicular 
Thread,  which  is  the  Longitude  of  the  acute  Promon- 
tory from  the  preceding  Limb. 

The  Difference  of  the  Tranfit  of  the  acute  Promontqry  be- 
tween the  firft  oblique  Thread  and  the  Perpendicular, 
which  is  its  Latitude  from  the  Northern  Limb* 

The  Moon  feen  among  the  Clouds  feem'd  as  yet  intire. 


^f  Rottttdanf 
hM.]t^  Cat- 
fini. 

Vid.  Tap.  S§ai 
XXXIX.  9u 


Jh 
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In  the  firfi  Pbaf^ 


6  41  23  The  Beginning  oiMare  Crifium  at  the  firft  obliqucThr^ 

6.  41  50  The  acute  Promontory  at  «he  firft  Oblique. 

6^  42  12  Pliny  at  the  firft  Oblique, 

6;  42  25  Meneiaus  at  the  firft  Oblique. 

6  42  33  Manilius  at  the  firft  Oblique. 

6  42  43  The  firft  Margin  at  the  Perpendicular. 

6.  43  00  Froclus  at  th6  i:*(erpcndicular. 

6i  43  2b  The  acute  Promontorjr  at  the  Perpendicular. 

6,  43  26  The  fiabfequent  Margin  at  the  firft  Oblique. 

6.  43  30  ^MknelaUs  at  the  Perpendicular. 

6;  44  00  The  preceding  Horn  of  the  Moon^  at  the  Perpendicular  ♦, 

fhe  herfelf  touches  the  horizontal  Thread. 
6:  44  21  The  fubfequent  Horn  at  the  firft  Oblique; 
6'  44  35M»^^J  atthcfecond'Obliqye. 
6  44  57  The  fubfequent  Horn  at  the  Vertical. 
^  45  o^^The-  fubfequent  Limb  ac  the  Perpendicular. 
6  45  33  The  fubfequent  Horn  at  the  fecond  OJbliquft* 
6  45  ggGrimaldus  at  the  fecond  Oblique. 
6  46  49'Subfequent  Limb  at  the  fecond  Oblique. 

a  02-  .24^ThcJrranfit  o£the..Moon.  Qsrer^theperpendicular  Thrcadl 
o  03  23  The  Tranfit  of  the  Moon  over  the  fecond  Oblique. 
9  r  OQ  37  Lopgiwde^'of  theraciil^.^rpmcmu  froin  .die  preced.  Mar^ 
901  3Q  Lsitttude  of  the  acute  Promont.  from  the  Nordi,  Margin. 
p  00  4,7lLheT^g\txidtoS  Mmelms  from  the  preceding  Mar^ 

6  01  05  The  Latitude  oiMtnekm$  from  the  Northern  Margin. 

o  o  I  1 7  Longi  of  .the  preceding  Horn  from  the  preceding  Maigini 
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S  —  I 
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12^ 


O  00 
O  02 
O  GO 


00  The  laadtude  nothing, 

i4i(0Qg.  of  the  fubfequent  Hbm  from  theprecedmgMar^i 
00  ^6  Latitudig  of  the  fame.Hom  from  the  Northern  Margin. 
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Jbt  tbefecond  Pbafis, 


h.   ' 
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7 
7 

7 

7 
7 

7 

Ab 
Co 


I-  I 


6  40  Tbe  preceduig  Margin  at  the  perpendicular  Thread. 

7  8  The  prcccdit^  Horn  to  the  vertical  Thread. 
7  47  The  fubfequent  Horn  to  the  firft  Oblique. 
»  19  The  fubfequent  Margin  to  the  firft  Oblique. 
9    4  The  'fubfequent  Horn  to  the  VerticaL 

12  22  The  SUiadow  to  Manilm. 


o  28  Long,  of  the  preceding  Horn  £roin  the  preceding  Mai^. 
2  24  Long,  of  the  fubfequent  Horn  from  the  Eaftan  Margin 
7  Lat.  of  the  fiibfequent  Horn  from  the  Southern  Margin. 


/»  tl>»  tMr^  Pbafis, 


Ih.  ' 
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7 
7 
1 
7 
7 


G 


— AO 


I 


19 
51 


«9 

21 
21 
22 
22 

23 

24  40 
26 


B 
A 

—  C 

—  Bo 

—  Fo 

—  H« 


49  L 


0  10 

1.50 

2    22 

1  7 

J_2 


30  The  preceding  Hbm  to  the  firft  Oblique. 
9  The  preceding  Margin  to  die  Votical. 
The  preceding  Hbm  to  the  Vertical. 
The  preceding  Mat^n  to  the  fecond  Oblique^ 
24  The  fubfequent  Horn  to  the  firfl  Oblioue. 
i  fubfequent  Mai^n  to  the  firft  Oblique. 
;  preceding  Horn  to  the  fecond  Oblique. 
The  fubfequent  Horaito  the  Votical. 
The  fubfequent  Horn  to  the  fecond  Oblique.' 
4  The  Shadow  to  Dumgfitts. 


Long,  of  the  preceding  Horn  from  the  Eaftern  Mai^. 
~  at.  of  the  preceding  Horn  from  the  Southern  Margin. 

Ehe  fame  Latitude, 
ong.  of  the  fubfequent  Horn  &om  the  preceding  Margin. 
Lat.  of  the  fubfequent  Horn  from  the  Southern  Margin. 
The  fame  Latitude. 


■ 


Jn 
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Jn  the  fourth  Pbqfifi 


A 
B 
C 
D 

E 
F 
G 
H 

D—  2'24' 

B 
B 
D 
H 


h.  '  " 
7  40  24 

41  35 

42  18 

42  44 
4^  51 

43  14 
43  58 
45  04 


The  preceding  Horn  to  the  firft  Obfique. 
The  preceding  Horn  to  the  Vertical. 
The  preceding  Margin  to  the  firft  Oblique. 
The  preceding  Horn  to  the  fecond  Oblique. 
The  fubfequent  Horn  to  the  firft  Oblique. 
The  fubfequent  Mar^  to  the  firft  Oblique. 
The  fubfequent  Margin  to  the  Vertical. 
The  fubfequent  Horn  to  the  fecond  Oblique. 


.   =17 

—  lo 

—  A 

—  Bo 

—  E 


Kg 
E  +      K. 

E    +    K  —  IJo 


41  34 
00  01 


01 
01 


II 
09 

■i 


The  preceding  Margin  to  the  vertical  Thread. 
Long,  of  the  preced.  Horn  from  the  preccd.  Margia 

>  Lat.  of  the  preced.  Horn,  from  the  South.  Margia 

DifF.  of  the  Tranfit  of  the  fubC  Horn  betw.  the  Obi 
.     ^  ^  Half,  or  Lat.  of  the  fub.  Horn  from  South.  Mar^ 
43  57ilThe  fubfeauent  Horn  to  the  Vertical. 
2  23^iLong.  of  the  fubf.  Horn  from  the  preced.  Margin. 


In  the  fifth  Pbqfis. 


A 
B 
C 
D 
E 
F 

B  —       I 

D— o'42"  =  L 
C         —       " 


h.  '  " 

7  5<>  22 

51  04 

51  18 

52  29 

49  34 

o  01  30 


C 
E 


L 

—       A 
~        I 


7 
o 
o 
o 
o 
Elo 


51  16 
CO  02 

00  56 

02  55 
00  29 
00  27 


The  preceding  Horn  to  the  firft  Oblique. 

The  acute  Promontory  in  the  Shadow. 

The  preceding  Horn  to  the  Vertical. 

rhe  preceding  Margin  to  the  fecond  Oblique. 

The  fubfequent  Horn  to  the  firft  Oblique. 

rhe  fubfequent  Margin  to  the  firft  Oblique. 

rhe  preceding  Margin  to  the  firft  Oblique. 

Longit.  Obi.  of  the  acute  Promontory  from  i  OU, 

The  preceding  Margin  to  the  Perpendicular. 
Long,  of  the  preced.  Horn  from  the  preced.Marg^n. 
Lat.  of  the  preced.  Horn  from  the  South.  Margin 
Long.  Obi.  from  i  Obi.  to  greateft  Long.  3'.  2-*'  . 
The  Complement. 
The  fame  Complement.  The  Medium  o^  28"". 


I 
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InJbeJbctb  Pbafts. 


preceding  Horn  to  the  firft  Oblique, 
acute  Promontory  to  the  firft  Oblique, 
preceding  Horn  to  the  Perpendican 
preceding  Margin  to  the  fccond  Oblique, 
preceding  Horn  to  the  fecond  Oblique, 
fubfequent  Horn  to  the  firft  Oblique, 
fubfequent  Margin  to  the  firft  Oblique, 
fijbfequent  Horn  to  the  Vertical. 

The  preceding  Margin  to  the  firft  Oblique. 
The  preceding  Margin  to  the  Perpendicular. 
Long,  of  the  preced.  Horn  firom  preced.  Margin. 

Lat.of  the  preced.  Horn  fi"om  Southern  Margin. 

4  Long,  of  the  fubf  .  Horn  fi-om  the  preced.Maigin. 
"  Lat.  of  the  fubf.  Hornfrom  the  South.TSIargin. 
' ' .  Long,  of  the  acute  Promont.  from  i  Obi. 


In  the  feventb  Pbafis. 


A 
B 

C 
D 

E 
F 
G 

C— 
B 
B 
D 


2'  2^4"=  I 

o  42  =K 

—  K 

—  A 

—  B 

—  k 


8  5  ^i 
8.  7  33 
0—0  06 
o  41 
o  42 


8  6  58TheprecedingHorn  to  the  firft  Oblique. 

8  739  The  preceding  Horn  to  the  Perpendicular. 

8  8  15  The  preceding  Margin  to  the  fecond  Oblique. 

8  821  The  preceding  Horn  to  the  fecond  Oblique. 

8  8  55  Middle  of  the  Shad,  almoft  at  the  Perpendicular. 

8  .  9  1 4  The  fubfequent  Margin  at  the  firft  Oblique. 

8  9  55  The  fubfequent  Horn  at  the  Vertical. 

i^^  ^  58  The  fubfequent  Margin  at  the  Vertical. .  . 

The  preceding  Margin  at  the  firft  Oblique. 
The  preceding  Margin  at  the  Perpendicular. 
Long,  of  the  preced.  Horn  from  preced.  Margin 

^  Lat.  of  the  preced.  Horn  from  South.  Margin. 

o     2  22[Long.  of  the  fubf.  Horn  from  the  preced.  Margi^- 
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OL.   L 


Yy 
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1h  the  eightlj  fhdfis. 


c 

D 

E 

F 

G     • 

H 

C  — ©'.42"  =  K 

R  -r  K 

B  —A 

—       B 


D 

F 
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K 
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8   2g 

8.24 

8:  24  Sb 

8  24  sr 

8  25.  SS 

I  26 

8  26 
8  28 
IT  24  13 

O  00   II 

0.00.3a 
o  00  33 
o  02  13 
0.01  54 
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24  The 


le  preceding.  Uom  to  the  firft  Oblique. 

le  preceding.Hom  to  the  Perpendicular. 
The  preceding.  Margin  to  the  fecond  Oblique. 
The  preceding.  Horn  to  the  fecond  Oblique. 
The  fubfequent  M^gin  to  the  firft  Oblique. 
26{The  fubfequent  Horn  to  the  Perpendicular. 

s  fubfequent  Margin  to  the  Vertical. 
2o|The  fubfequent  Horn  to  the  fecond  Oblique. 
The  preceding  Mar^  to  the  Perpendicular. 
Long,  of  the  preced.  Horn  from  South.  Margia. 

>Lat.  o(  the  preced.  Horn  from  South.  Mai^.- 

Long,  of  the  fubi^  Horn  from  the  preced.  Mai^n.. 
Lat  of  the  fubf.  Horn  from  the  Southern- Margn. 


Itt   the  nintb  PbaJU. 


*••« 


The-preceding^Horn  to  the  fiiA  Obli 


^,  -r^  ^-  The  Concavity  of  the  Eclipfe  to  the  firft  Oblique;.. 
8  50  0%  The  preceding  Horn  to  the  VerticaL 

The  preceding  Margin  to  the  fecond  Oblique*. 

The  preceding  Horn  to  the  fecond  Oblique. 
,  ^_  ^^  The  fubfequent  Horn  to  the  VerticaL 
S  51  43'Thefubfequent  Margin  to  the  firft  Oblique. 
8  52  26|The  fubfequent  Margin  to  the  Vertical. 
8  50  02  The  preceding  Margin  to  die  Perpendicular; 
00  06  Long,  of  preceding  Horn  from  preceding  Margin; 

^  ^^  ''■^  1  i^f  of  preceding  Horn  from  Southern  Mar;^ 

Loi^.  of  fubfequent  Horn  from  preced.  Margin. 


In 
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In  the  tenth  Pbajis, 
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2  The 

47 
20  The 


A 

B 
C 
D 
E 
F 

E-2'42''=H 
D  —       A 

M 

D—   M   =    I 
—         H 
E— 3'  24."  =  L 
F  — 4  06  =' 
C  —        Llo    2  25|Obl 
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7 
7 
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5  23 
o  3 
3  38 
3  41 
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9 
o 


9 

9  »9 
o  13  40 

o  14  39 

O  21 


48 
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The  preceding  Horn  to  the  fiitt  Oblique.  - 

The  Shadow  withdraws  ftom  P//»y. 

The  fubiequentH(^n  to  the^ft  Oblique. 

The  preceding  Horn  to  the  fecond  OUique. 

The  fubfequedt  Margin  to  the  firft  OUique. 

The  fubfeauent  Maigin  to  the  Vertical. 

The  preceding  Margin  to  the  Vertical. 

Tranfit  of  the  preced.  H<H-n  betwjeen^heObliques. 

Half  is  Lat.  of  preced.  Hoim  from  Soudi.  Margin. 

The  precedii^  Horn  to  the  Vertical. 

Long,  of  preced.  Horn  from  the  preced.  Margin. 

V  The  preceding  Margin  to  the  firft  Oblique. 

'.  Long,  of  Aibf.  Horn  from  the  firft  Oblique. 

!  Shadow  withdraws  ftom  Langreiais. 
The  End  of  the  Sea  of  TraaqiulUff . 

Arifiotie.  - 

The  End  of  Mare  Crifim. 
End. 


4lThe 
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Time  by  a 
Watch  in 
the  Morn. 

T  ^r 

- 

Dtjiances 
and  Alti- 
tudes. 

Time  (or- 
reSed  by 
Altitudes. 

LV. 

0  •  /       // 

41 45  0 
41 21  0 

h.  '  " 
3  54  10 
3  57  28 

ATranftttfthe 

DOS,  0£^.  11. 
{St.  N.)  1670. 
at  Dantzicki 

h.  '^^" 

3  47  20 

3  50  iS 

Aft.'  of  the  bright  Star  of  Aries 
The  iarhe  Altitude    -.-.--    - 

iyiW.Hcvel.us. 

5  47  4^  Diftance  of  -VeHus  from  Jupiter 
5  48^)35 Dift.  of ;Eaft;Ximb  of M.^froai  % 
5  51 .5:9Diftaneje.'of  ?  from  %    ' 
5  53  40  Dill.  of'Eaft.  Limb  of  M.  from  % 

35  25.  30 
35  50    0 
35  29  10 

5  5^^ 

5  55  35 

5590 

6  0  40 

i 

6  to.'  30 
6  14.    3 
6  '37  )  0 

7'  12    0 

Dili,  of  Venus  from  Jupiter 

Dift.  of  th^  M/s  F^flXimb  from  V 

Dill-  of»:5.  from  -nt ,  as  near  as  could 

be  judged  by  the  naked  Eye 
Dill,  of  r^«.  from  low;  limb  of  the  M 

35  50  20 
35  37  35 

060 
050 

660 
680 

6  51     0 

770 

7*7    0 
7  35    0 

The  fdirte  ;. -.' .  -.    .•^..  ;-    -:  -    - 
/^tf»«j  appeared  clearly. :.-    -    -    - 

040 

7  12  0 
7  30    0 

9  II     0 

9  15  48 

9  17  39 

Venus  continued  conlpicuous 

The  Altitude  of  the  Sun... 

iThe  fame 

19.    8    0 

19  58     0 

9  12  0 
9  17  20 
9  19    4I 

Am^ccMitMtipm       LVL'  The  Beginn'ng  of  the^  Occultation  h^pen'd  at  ^\  38^27^ 


in  the 


MSn^J^nc'i.  Morning,  about  the  Mountain  Germanicianus.    The  Line  of  Paflage,  as  far  as 
(St.  N.)  1671.  could  be  collefted  from  the  Ingrefs  alone,  was  through  Mount  ^tna,  the  Cen- 
^Mt^Hmiius.  ter  of  the  Moon  nearly,,  by  Mount  Horminium^  the  Mount  of  Hercules^  and 
30x7.  the  upper  Part  of  Mare  Cajpum     As  far  as  I  remember,  excepting  this  Year's 
Obfervation,  within  41  Years  I  have  feen  Saturn  coverM  by  the  Moon  only 
twice.    Firft  in  the  Year  1630,  Jun.  29,  ii\  in  the  Evening,  when  I  was  at 
the  Ifland  Huenna  in  the  I)ani/h  Sea.    And  again  in  the  Year  166  ly  Aug,  3,  7*, 
58'.  20''.  in  the  Evening,  -  here  at  Dantzick. 


N.7B.P. 


yfr^Mprftbt  LVII.  In  a  very  clear  Sky,  with  a  Tube  of  20  Feet,  with  great  Eagernefe 
p^^Ut^it  wfe  received  the  rifing  Moon,  and  Jupiter  a  little  after.  We  found  by  our 
^  '  ■'  '  great  brazen  Oftant,  of  almoft  9  Feet  Radius^  that  Jupiter  was  yet  I*",  z^'.  4  \ 
remote  from  the  Eaftern  Limb  of  the  Moon,  and  that  all  his  four  Sater  s 
were  there  to  the  Right  Hand,  from  whence  the  Moon  approached.  An  - 
look'd  for  and  unhappy  Accident  prevented  us  from  taking  the  very  Mom  t 
of  Conjunftion.  For  when  Jupiter  now  approached  to  the  Eaftern  Limb  >i 
^  Moon,  at  3',  and  was  diftant  only  &  from  the  Line  of  Conjundtion  dra^  n 

throv  h 


{St.  N.)  1671 
St  Daanick  ; 
By  M,  Hevelioi. 
^U,  f.  3031. 
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through  both  Horns ;  fome  little  Clouds  intervening  deprived  us  of  the  Sight 
both  of  Jupiter  and  the  Moon.  The  Rudolphine  Tables  promised  us  an  Oc- 
cultation,  and  much  fooner  than  it  could  happen  ;  yet  there  was  none  at  all,  but 
only  a  very  clofe  Tranfit,.at  almoft  two  Digits  ;  the  Time  of  which  was  /. 

26'.  0".  . ; 

LVIII.  The  Altitude  of  the^Moon  Being  20"*.  50',  I  took  its  Diameter  32'.  ^k  •ecuiisiim 
48"  i  and  when  its  Altitude  was' 19*.  23',  1  took  it  again  32'.  47".     Therefore  tf^*«  pJ««<*«« 
the  true  Semidiameter  of  the  Moon  in  the  Horizon  was  16'.  19".     Yet  it  was  Feb%.i6^1a* 
ftill  at  a  greater  Diftance  from  the  Weftern  Star  of  the  Pleiades^  than  the  Tele-  ^  ^^aJ^ 
fcope  could  conveniently  take  in.     Now  at  ii\  19^'  after  Noon,  when  the  n 'se-i^s 034! 
Altitude  of  the  Star  ^,  the  more  Weftern  of  the  Pleiades ;^zs  cf".  50',  I  took  the    #4. 116. 
Diftance  of  the  fame  Star  from  the  neareft  Horn  of  the  Moon  1 1\  58''  5  then 
iuddcnlv  turning  to  obferve  the  Stars  Altitude,  (which  was  Ihewn  by  a  Qua-  ' 

drant  or  20  Inches  Radius  fixt  to  the  fide  of  the  Tube,)  and  immediately  re- 
turning back  again,  I  could  not  find  the  Star,  being  then  coverM  by  the  Moon.  ♦ 
In  the  mean  while  the  Moon  had  defcended  16  Minutes,  and  the  Star  as  much, 
which  from  the  following  Phafis  I  guefs  had  gone' under  the  Moon  at  ii**. 
2oi'.  For  at  11**.  q^o\\  when  the  Altitude  of  the  Star  e  was  8**-  43',  I  faw 
the  Star  c  cover'd  by  the  Modn.  When  I  had  taken  its  Diftance  l6^  35''  from 
the  neareft  Horn,  by  my  Computations  1  found  the  Space  of  Time  between 
die  Occultation  of  this  and  of  the  foregoing  to  be  9'.  37^,  which  being  taken 
from  the  Time  of  this  Phafis,  gives  the  Time  of  the  foregoing  Occultation  as 
I  have  made  it; 

At  1 1*'.  371',  when  the  Altitude  of  the  Star  c  was  11°.  37^',  it  went  under 
die  Moon,  as  in  the  mean  time  I  was  meafuring  its  Diftance  22',  36'',  from  ' 
the  Horn  of  the  Moon»  which  was  apparently  the  inferior,  but  really  the  fupe- 
rior.  When  the  Star  vanifh*d^  the  apparent  Semidiameter  of  the  Moon  was 
16'.  21";  and  therefore  its  Occultation  was  at  87*.  25'  of  the  Moorfs  Peri- 
phery from  the  upper  CuQ),  whofe  Reclination  was  i*  37'  from  a  Line  drawn 
through  its  Center  perpendicular  to  the  Ecliptic.  Thus  the  Ingrefs  of  the  Star 
was  4*  12'  above  a  Line  drawn  through  the  Center  of  the  Moon  parallel  to  the 
Ecliptic,  and  the  Center  of  the  Moon  was  antecedent  of  the  Star  i6\  1 8",  with 
Wi  Latitude  1'.  12''. 

According  to  the  Author  of  the  Caroline  Tables,  the  Place  of  the  fixt  Star  is  * 
25*.  i'.  24"  in  ^aurusj  and  its  perpetual  Latitude  4*.  20'.  39'' ;   fo  that  at  the 
apparent  Hour  at  Derby  1 1*.  ^>j\*  after  Noon,  the  apparent  Place  of  the  Moon 
was  24^  45.  6"  in  Taurus^  and  its  Latitude  obferved  4°.  19'.  27''  North, 

*'  rcover  it  well  defcrves  to  be  remarked,  that  though  alnioft  all  the  Hypo- 
th(  es  of  all  Aftronomers  afcribe  a  greater  Diameter  to  the  Perigee  full  Moon 
in  he  Quadratures^  and  therefore  a  lefs  Diftance  from  the  Earth  than  in  the 
Sy  ygee^  or  Oppofitionis  -,  yet  the  contrary  obtains  in  the  Heavens.  For  the 
ft  *o[can  full  Moon  palling  near  the  Pleiades^  Nov.  6,  167  x>  bad  a  greater  Dia-^ 

meter 
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ttitttt  than  in  this  Tranfit,  when  in  almoft  the  fame  Place  it  was  diftant  from 
the  Sun  70  Degree^.    The  Moon's  horizontal  Diameter  according  to 

Btdlialdus.  Street.  tyObfervatitms^ 


Nov.  6.  1671.  1 7' 00' 

Fet.22.  1672.  17  50 

+  50 


16'  30" 

""  +  43 


17' 00" 
16  19 

—  41 


We  can  no  longer  wonder,  that  the  Moon  fhould  fo  long  refufe  the  Confine- 
ment of  Numbers,  and  that  the  Times  of  Appearances,  when  computed  from 
the  Tables,  ftiould  hirfierto  fo  far  deceive  our  £xpe£bitions  ;  fince  it  appears 
thofe  Tables  are  generally  computed  from  erroneous  Hypothdes. 

lu  Moon'i  LIX.  ^il  2.  (St.  N.)  &".  So'  V.  A  Line  drawn  through  the  Horns  of 
l^t^^tj^h.\^^  Afc^»  paifed  through  the  Star  that  is  at  the  Point  of  the  Northern  Hcmoi 
oini.'  Taurus ;  and  the  Diftance  of  this  Star  to  the  Northern  Horn  of  the  Moon^  was 
N.  %%.  p.4o*7-  jjy  ^  Minute  greater  than  the  Semidiameter  of  the  Moon. 

'Am0c«mUstim       LX.  An  Immcrfion  of  the  fubfequent  Star  of  the  two  in  the  Left  hinder 
t^tS^^n    ^^^^  ^^  ^^  ^*^"»  ^^  ^  ^^'  ^9*  34-.''    The  Coaft  of  the  Immerfion  was  near 
Fdi  ao.  ^S*.  the  End  of  Schicard  towards  Pbocilides  in  the  Selenography  of  Bicciolus^ 
^'pi^f*  h       ^^^  Emerfion  was  at  1 1*  16'  40",  in  an  equal  Diftance  from  the  Right  Line 
M.  caffini.      between  Vendelinus  and  Petavius. 

N*  i«3.  f.  J64.      ^  Right  Line  being  drawn  through  the  Points  of  Immerfion  and  Emerfion, 
when  carefully  obferved,  will  divide  a  Diameter  perpendicular  to  it  in  the  Rar 

tioof6'.45^t0  26'.5;'- 

But  the  Diameter  of  the  Moon  approaching  to  the  Meridian  was  32^  50^ 

At  i2\  29'  the  upper  Margin  of  th^  Moon  was  in  the  fame  Paialld  with 
the  Star,  which  then  preceded  the  Moon  by  i".  50''  in  time. 

At  12*".  40'.  1 8''  the  Star  preceded  the  Weftern  Margin  of  the  Moon  by  2'. 
11"  in  time.    The  Diameter  of  the  Moon  pafs'd  through  2'.  14''. 

At  1 2^-  52'.  35"  the  Star  preceded  the  fame  Margin  2'.  25". 

The  Meridian  Altitude  oi  the  inferior  Limb  of  the  Moon  was  uken  39% 
25'.  25". 
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Hour  of  the 
Qockcor. 


5  52 
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AUHudes  and  Biftances. 


h..  '     '' 

4  20  le^Jkpiter  from  the  bright  Limb  of  the  Moon 

4  47    o  The  Diameter  of  the  Moon  was  taken 

4  49  3P  J^ttr  from  the  neareft  Cufp 

4  52  1 5  jipiter  had  pafs*d  over  a  Right  Line  drawn 
through  the  Ciifps,  by  a  tenth  Part  of 
the  Diftance,  or  about  3^  making  a  Con- 
jedture  by  the  Eye  through  die  Tube 

4  56    0  Jupiter  from  the  Cufp 

5.1  15  From  a  Right  Line  thro*  the  Cufps 

5  3  30  From  the  Cufp 

5    7  25  From  the  Right  Line 

5  10  5o|From  the  fame 

5  15  50  From  the  Cufp 

5  21  20  From  the  remoter  Limb,  dubious 

5  2€    o  From  the  neareft  Cufp 

5  31  25  From  the  Right  Line  thro*  the  Cufps 

5  37    o  From  the  Cufp 

5  41  10  The  Altitude  of  the  Moon  being  loi-  De- 
grees, the  Diameter  was  about 

5  48  30  DiE  of  the  Alt.  of  the  lower  Limb  of  the 
Moon  and  of  Jupiter 
40  Jupiter  was  diftant  from  t^e  neareft  Cufp 
4oEFrom  the  Cufp,  dubious. 
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DCII.  !•   A^.  21.  A-  1676.  before  Noon.    For  the.  Corrcftion  of  m^^* 
Qock,  I  took  thefe  Altitudes  of  the  Surfs  Limb.  rf^wk,  th$ 

Moon  »Aug.  sr« 
-    -    ■  .^    .  ,  _.         •  1676.  St  Green* 
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8  04  3  i|Alti  of  the  inferior  Limb  of  the  Sun 
8    5  42 
8    758 
8    9  ] 
8  10  15 

1  ^^-15 


26  04 
26  14 
26  34 
26  44^ 
26  54 
22Li£ 


puted. 


ti 


h. 

8  09  26 

8  10  35 

&  12  53 
8  14  03 
8  15  12 

8   22   09 


fime. 


t 
t 
t 
t 
t 
t 


55 
53 
55 
53 
57 
54 


with  I  ly  Mr. 

FUmftetd. 

H.  »9,  f,  7»3< 


Then  after  Noon,  the  Sky  being  exceeding  clear.  . 
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Dijlaiues. 
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1              1'     " 
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lo  45  03 
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49  58 

Aforj  from  the  bright  Limb  of  the  M. 

S^H  = 

42  08 

II  06  II 

II 

II 05 

The  fame  Diftance 

3829  = 

31  29 

II  20  00 

II 

24  55 

Again         -         -         -        >        - 

3007  = 

24  44 

"  35  SI 

II 

40  52 

Over  agsdn         -         -          _         - 

1982  ss 

16  18 

"  57  31 

12 

02    26 

i  from  Zen.  DiflF. Alt.  inf.  Um.  and  of/ 

1912  = 

07  $5 

With  tube  of  1 6  feet,  Mars  from  Limb 

1158  = 

5  47 

12  05  00 

12 

09  55 

Planet  could  no  longer  be  perceived 
with  the  naked  Eye 

12     9  44 

12 

»4  39 

Light  of  Mars  coniounded  with  the 
Light  of  the  M.    Mars  from  Zen. 

1185  = 

9  44 

12  10  03 

12 

M  58 

Mars  intirely  cover'd  by  North.  Cufp 

3475  = 

17  20 

12  18  38 

12 

23  33 

'  41  in  Taurus  appear'd  in  a  right  Lane 
drawn  thro'  the  Cufps 

12  20  36 

12 

25  3» 

41  in  Taurus  from  the  Limb  or  Cufp  \ 

with  a  fliorter  Tube 

3912  = 

32   10 

12    24   58 

12 

29  53 

41  in  Taunts  from  the  Cufp,  again 

* 

with  the  fame  Tube 

i9l5  = 

32  21 

12    46  00 

12 

50  ss 

Diam.  of  the  Moon  with  a  longer  tube 

597 »  = 

29  47 

1    04   30 

09  25 

Again  with  the  fame  Tube 

5973  ~ 

29  48 

I    10    56 

10  51 

Mars\  Emerf.  perhaps  4"  or  5"  fooner 

I    13    29 

18  24 

Mars  from  the  Northern  Cufp 

3675  = 

18    20 

I    18    15 

23  10 

The  fame  Diftance 

4035  = 

20  08 

I    22   00 

26  55 

The  Moon's  Altitude  23%  with  the 

longer  Tube.    Her  Diameter 

5988  = 

29  5S 

I        39      OO;       I 

39  55iMoon's  Diameter  with  a  fhorter  Tubel3645  = 

29  58 

'  41  in  "Taurus.  According  to  Tycho  its  Place  is  now  b  17*.  58^'  Latitude 
I**.  2o'.  South.  Therefore  the  Places  both  of  the  Moon  and  Mars  may  he 
cxaftly  deduced. 
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11  54  48 
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DiJIances 


The  Center  of  M?rj  from  the  neareft  Limb  of 

the  Moon 
Again 
Again 


The  Center  of  Mars  from  the  North  Cufp  of 
the  Moofp  .  -  -  -  - 
12  ID  28  The  gibbous  part  of  Mars  touched  the  Moon^% 
Limb  -  --  -..-.--- 
12  10  ^2  Mars  was  wholly  covered,  being  diftant  from 
the  Cufp  •  -  -  .---.-- 
I  10  41  Mars  did  emerge,  I  fuppofe,  his  Center 
I  1 2  45  Mars  diftant  from  the  North.  Horn  of  the  M^on 
I  31   10  Mars  palled  over  a  Point  noted  in  the  Tele- 

j     fcope 
I  33   1 5  The  Southern  Limb  of  jEtna  pajled  by  the 

I     fame  Point 
I  34  00  The  lucid  Limbpaffed  over  the  fame  Point 
I  52  2 g  The  Moon^s  Diameter  oblerved  1698  =  30'  1" 
j4U.  Moan  2 1*  circ. 

1  57  52  Mars  from  the  Northern  Horn  of  the  Moon 

2  25^  Mars  from  the  Southern  Horn  of  the  Moon 
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I     I  25  Swan's  Tail 

57  10 

1     0  24 

I     9  45 

1 

I     8  45 

Aferj  was  nearly  as  far  diftant 
from  the  bright  Limb  of  the 
Moon,  as  Mount  Porpbyriies 
was  from  Mount  Mtna. 

I  36  39 

I  33  42 

Mars  covered  by  the  Moon. 

'  45  25 

Swan's  Tail 

51  17 

I  44    7 

2  47  54 

2  46  29 

Mars  fliin'd  out  again,and  made 
an  end  of  the  Occultation. 

3  19  50I 

Scheat  in  P^|^. 

45     3   3  18  19"                                               1 
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•/  Jupiter, 
Jan.  5.  (ft.  n.) 
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uck  ;  by  M. 
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Mats  was  covered  about  Mount  Audus^  proceeding  as  it  were  through  the 
Loca  Palndofa  of  the  Moon,  by  Mount  ^ina^  below  the  Ifland  Bejbica^  above 
the  Palus  Acheruftay  above  Mount  Corax^  by  the  Palus  Madtis^  and  a  little  a- 
bove  the  Ifle  Alopecia^  and  the  very  Center  of  the  Moon.  And  thus  agaiir 
going  out  at  the  greater  Weftern  Lake. 

If  you  afk  from  whence  I  could  thus  exaftly  mark  out  his  Paflage,  and  that 
at  the  obfcure  Part  of  the  Moon,  you  are  to  know  it  proceeded  from  hence^. 
that  by  tjiofe  Tubes  of  mine  I  could  very  diftinftly  perceive  the  chief  greater 
Spots  in  the  Ihaded  part  of  the  Moon  •,  and  thus  I  could  obferve  very  plainly, 
that  Mars  emefged  near  the  middle  of  Pdus  Mteotis. 

LXIII.  Bulliatdus  obferved  the  Beginning,  when  the  Altitude  of  Andromeda^ ^ 
Head  above  the  Weftern  Horizon  was  18°.  11';  whence  the  Aftronomical 
Time  from  Noon  is  given  f"  %d ;  but  the  mean  Time  was  7^  29  55''.  And  he 
faw  the  End  when  the  more  Southern  Star  of  Andromeda* s  Girdle  of  the  fecond 
Magnitude  was  21**  17'  high  to  the  Weft.  .  Whence  the  Aftronomical  Time 
from  Noon  will  be  found  to  be  8^  30'  22'. 

Here  we  are  obliged  to  take  notice,  that  the  Pbilolaic  Tables  make  Saium 
farther  advanced  in  Longitude,  byatleaft  19  Minutes,  than  he  really  is  by 
Obfervation  ;  fo  that  Saturn  was  then  in  n  3**  28',  with  South  Latitude  i**  ^8^ 
Farther,  in  this  Obfervation  if  we  have  Recourfe  to  the  Defcription  of  the 
Lunar  Di(k,  as  defcribed  by  the  illuftrious  Mr.  Hevelius  5  we  found  Saium^ 
to  emerge  in  that  part  of  the  Limb,  which  is  fituated  in  a  Right  Line  drawn; 
from  the  middle  of  Mount  Berofus  through  the  Riphaan  Mountains,  a  Htde 
above  Mount  Alanusj  and  below  the  Southern  Limits  of  the  HyperbareoB 
M^fhes. 

LXIV.  I.  Tho*  I  have  apply'd  my  felf  to  the  Obfervation  of  the  Heavens 
now  for  50  Years,  (for  which  I  pught  to  give,  arid  do  give,  alt  polfible  Thinks 
to  Almighty  God,)  yet  I  have  only  once  fecn  Jupiter  covered  by  the  Moon, 
which  was  in  the  Year  1646,  Decemb.  24.  (new  Style)  in  the  Evening,  when  the 
Sun  was  under  the  Horizon.  Therefore  I  very  much  congratulate  with  my 
felf,  that  I  could  make  this  Obfervation,  not  only  with  a  very  ferenc  Sky^  but 
alfo  according  to  my  Wifli,  in  the  Prefence  of  my  moft  wellcome  Gueft,  the 
famous  and  moft  learned  Mr.  Edmund  Halley. 

It  entered  the  Moon  at  Mount  Audus^  and  as  far  as  could  be  expefted  from 
its  Exit,  it  pafs*d  through  the  Loca  Paludofa  of  the  Ifland  Cercinna^  over  Mount 
jEtna^  through  the  Ifland  Bejbica^  through  Byzantium^  the  Ifland  Apollonian  and 
the  upper  Part  of  Palus  Meotis  •,  fo  that  it  went  a  little  above  the  Center  of  the 
Moon  ;  the  Moon  having  then  fome  South  Latitude.     Then,  which  is  very 
rare,  we  very  accurately  meafured  (as  it  feems  to  me)  the  apparent  Diameter 
of  Jupiter  in  this  Obfervation.     I  remember  that  I  have  feveral  Tinles  obferVcd 
the  Diameter  of  Jupiter  by  the  Lunar  Spots,   and  found  that  it  came  to  55 
Seconcis  tux^rc  or  lefs.     But  now  the  Dianfieter  of  Jupiter  came  out  much  lcis*« 
For  the  whole  Duration  of  this  Occultation  being  known  to  be  58'  10'',  and  ac 
the  fame  time  the  Diameter  of  the  Moon  being  given  32'  40''  -,  it  prefently 
becomes  known  from  that  Mora  of  Time,  when  firft  Jupiter  with  his  Limb 
touched  the  Limb  of  the  Moon,   and  when  again  it  was  hid,  (which  was  done 
in  the  fame  Space  of  55  Seconds>)  that  the  Diameter  of  Jupiter  is  30"  53'". 
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Altitu4es  of  the  fixed  Stars  and  of  the  Sun^  mtb  th 
Difiances  of  Jupiter  from  the  limh  of  the  Mnm.  -^ 


h. 
I 
I 
I 

i 

3 


i8  55 
29    o 

52     o 

26    o 

33     o 


10  22  30 
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10  45  28 


The  Altitude  of  Andromeda^ %  Head 
The  Altitude  of  ArSurus 
The  Moon  arofe         ■  — 

The  Sun  rifes         — — 
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The  Diftance  of  Jupiter  from  the  Limb  of  the  Moon 
was  nearly  equal  to  the  Moon's  Diameter 

41  o  Jupiter  fo  fa^  dift.  frbm  the  Limb  of  the  Moon,  as  is 
the  Diftance  of  M.  Porphyrites  from  Mount  Sinai 

58  o  Jupiter  was  as  far  fh>m  the  Eaftern  Limb  of  the 
Moon,  as  Mount  Mtna  is  from  Palus  Maraotis 

413  so^up.  dift.  from  the  limb  of  the  M.  two  Diam.  ofjup 

414  40  Jupiter  was  diftant  one  of  his  Diameters 
4  15  j^o  Jupiter  grazed  upon  the  Eaftern  Limb  of  the  Moqi? 
4  lb     9  Half  Jupiter  was  hid 

4  16  ^5  AW  Jupiter  was  quite  covered 
514    o  A  notable  part  of  Jupiter  now  feem'd  to  come  out 

5  14  20  Half  Jupiter  was  now  come  out 
5  14  45  All  Jupiter  was  now  come  out 


Altitude  of  the  Sun 
6  Altitude  of  the  Sun 
Altitude  of  the  Sun 
Altitude  of  the  Sun 
Altitude  of  the  Sun 
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2.  At  3^  o'  1 1",  the  firft  Satellite  was  hid  by  the  Eaft  Limb  of  the  Moon.  Atr$r\f  ■  h 
At  3**  2'  o"i  the  Eaft  Side  of  the  Moon  touched  the  Weft-fide  ol  Jupiter  :^^  <^^^ 
then  I  took  the  Height  of  Jupiter,  which  was  8*  01',  at  3*  2'  s^'\    At  3'*  2.'^'  ^'  ^^' 
5i\  J^pi^^  was  ixitirely  hid  by  the  Moon.    It   entered  at  equal  Diftance 
from  the  two  Spots  Grimaldi  and  Ariftarcbus  ;    the  laft  of  which  was  in  |he 
Se6Hon  of  the^oon,  which,  diftinguilhed  the  Light  from  the  Dark  Part.     At 
3*  S'  i"»  the  fecond  Satellite  was  hid  by  the  Eaft-fide  of  the  Moon,    At  3*"  5' 
48^  the  third  Satellite  was  hid.     At  3^  56^  we  perceived  by  the  Eye  that  7«- 
piier  lyas  parted  from  the  obfcure  Side  of  the  Moon. 

M.  De  la  Hire  took  the  Height  of  Jupiter  two  Minutes  after  parting,  and 


found  it  17^  17^ 
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3^  05'  40'^  the  fixt  Star  feem'd  to  adhere  to  the  bright  Limb  of  the  Moon, 
and  after  two  Seconds  of  Time  nothing  appeared  in  the  Limb.  The  Place  of 
Immerfion  was  near  the  moft  Southern  of  thr^e  fmall  Spots  lying  in  the  mid- 
dle between  Palus  Maraotis  and  Mount  Climaxx 

At  4**  1 3'  45'',  the  firft  Star  was  not  yet  emerged  ;  then,  or  a  little  after- 
wards,  I  know  not  on  what  Occafion,  I  removed  my  Ey€  from  the  Telefcope, 
and  when  I  apply'd  it  again  at  4**  14'  2'\  I  faw  the  Star  emerged*  and  Ihining 
with  full  L^ht. 


Neareft  Linib  of  the  M.  from  the  bright  Foot  of  Orion 
The  bright  foot  of  Orion  from  the  BulFs  Eye 
NeareftLimb  of  the  M.from  brightFoot  of  Orion  again 
The  neareft  Limb  of  the  Moon  from  Pollux 

Repeated—— 
The  bright  Foot  of  Orion  from  the  Bull's  Eye 
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The  Diameter  of  the  Moon 

Repeated— 

The  Bull's  Eye  from  the  bright  Limb  — 5895 
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7  59  34 
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490 


It  reached  the  Limh 

8  06  3b|It  difappear'd  at  dvs  Longitude  of  Palus  Miris 

towards  the  North,  at  its  Northern  Extremity 


=04  02 

=02  26 


'  The  Northern  Limb  of  MaotiSy  alfo  of  jEtncy  had  the  fame  Declination 
with  the  Place  of  Inerefs. 

The  Difference  ^  the  Decliniations  of  the  Place  of  Immerfion,  and  of  die 
Nordiem  Limb  of  the  Moon,  was  2770=13'.  49". 

At  9''  2'  58",  it  emerged  from  the  obfcure  Lamb,  at  the  Longitude  oUnJida 
Major^  from  its  Northern  Limit. 

Its  PaiBige  was  through,  the  Place  of  Emerfion,  to  its  Diameter  North  from 
Qreii^  through  the  North  Limb  of  SirboHy  and  Mount  Qimax. 

At  9^  10'  26'',  the  Moon's  Diameter  was  6791=3$'  52''. 

2.  ht-Londatiy  we  noted  the  Immerjum  at  8^  &  od\  and  that  Star  was  newly 
merged  at  9*"  2'  52''. 

a.  Mr.  Benj.  Harty^  Mafter  of  the  Berkley  Cafile^.  riding  at  Anchor  in  Bal- 
lafxt  Road,  about  20  Miles  £.  S.  £.  from  the  Town,  obfervtd  that  the  Moon 
nlTed  to  the  Northward  of  the  Bulfs  E^e^  about  24  or  25  Min.  and  by  his 
Pendulum  Watch,  redtify'd  by  Altitudes  and  the  Rifing  and  Setting,  of  the 
Sun,  he  noted,,  that  precifely  at  16*"  00'  the  BuWh  Eye  was  in  equal  Altitude 
with  the  Mootf^  Center,  and  that  at  16*"  30'  the  Star  was  in  equal  Altitude 
with  the  lower  Limb  of  the  Moon,^  and  at  1 7^  1 2'  the  Occidental  Lamb  of  the 
Mson  was  in  a  Right  Line  with  the  BulP^  Eye  and  Capella. 
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Obfervaticms. 


The  Bull's  Eye  was  fo  far  diftanc  from  the  Confine  of 
Light  and  Shadow,  as  the  Mount  of  Chriji  is  removed 
JTom  the  lower  Limb  of  the  Moon. 

The  Star  was  hid  at  Mare  Syrticttm^  under  the  Ifland  Cer- 
cinm^  the  Altitude  o(  Andromeda* s  Head  being  then 

The  Altitude  of  Andromeda's  Head 


30 The  fame  Altitude 


The  Buirs  Eye  again  fhone  out  at  the  greater  Ifland  of 
the  Cafpian  Sea. 

Therefore  its  Paflage,  in  refpedt  of  the  lunar  Spots,  was 
through  Mare  Syrticum^  Mount  Atbos^  under  the 
Jfland  Lemnos^  and  Mount  Didymus^  under  the  Athe- 
nian Bay,  through  the  Pontic  Sea,  and  the  greater  Ifland 
of  Mare  Cafpium. 

The  Altitude  of  Andromeda^ ^  Head. 
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2.  Mr. 


^^  Baiiafofe;  2.  Mr.  SeHJ.  ^panj  in  Sallajbre  Road  obferved,  that  the  Mo9n  paft  to  tfcc 
Harry?  FA^a//.  NoFthward  of  tjic  5«/i*s  Eycy  and  that  the  Star  and  the  -Mtmf^  under.-Litpb 
n.  5.  p.  125.     y^ere  ^n  equal  A^tuide  when  they  were-both  i  f  45^  high  to  the  Weft,-  whf  h 

gives  the  Time  14^  49' ;  and  when  \h&  South  Hern  of  Taurus  was  23**  30'  high, 

which  makes  thb  Time  15**  13',  the  Weftern  Limb  of  the  Moon  was  iif  a 

Line  with  Capella  znd  the  Buirs  Eye. 

3.  "The*  correa  Time  of  tht  Immerjon  was  6^  18'  22",  and  the  Emerjondt 

7'  19    46^- 
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rf  Regului  fy 
,  rif  Mood, 
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LKVlil.  SepL  27.  iV',:^.  1682,  at  Three  in  the  Morning,  I  faw  with  my 
naked  Eye  the  Moon  and  the  three  other  Planets ;  but  the  Moon  at  that  Time 
was  ftill  diftanc  about  7  Disgrees,  according  to  the  Order  of  the^igns,  towards 
the  Weft. 

But  as  far  as  may  be  coUeded  from  the  Inclination  of .  die  Horns  of  the 
Moon  in  refped  of'the  Tendency  of  the  Planets,  I  prefently  concluded,  that 
there  would  be  no  Occultations  but  only  Tranfits ;  fo  as  that  the  Moon  would 
proceed  below  thofe  fuperior  Hanets.  In  this  Opinion  I  was  more  and  mere 
confirmed,  when  the  following  Day,  Sepf.  28.  in  the  Morning,  Regulus  was 
not  covered  by  the  Moon,  which  Star,  in  refpeft  of  the  Ladtude  of  each, 
fhould  rather  have  undergone  an  Occultation.  For  Regulus  tn  thie  Cotijuiic- 
tioh,  af  4^  6',  was  diftant  :3i'  1 7"  towards  the  North  from  the  upper  Horn  of 
the  Moon  \  as  I  obferved. exadtly  with  an  excellent  Tube  and  a  very  good 
Micrometer;  fo  that  there  wa&  no  Occultation  at  ^oi  Regulus^  but  only  a 
Tranfit  of  the  Moon.  The  fame  alfo  happened  0£hb.  25.  And  JupiUrzod 
Saturn^  z&Jilio  Mars^  on  03.  26.  were  not  at  all  covered  by  the  Moon,  but  the 
Moon  pafs'd  far  enough  beneath  the  faid  Planets. 

LXIX.  Feb.  II.  '1^'.S\  1683,  at  i^.  When  firft  the  Moon  approached  my 
Eye,  Regt4us  was  at  a  fufEcient  Diftance  towards  the  Eaft.  So  that  the  Con- 
jundioA  itfelf  (as  far  as  I  could  make  a  rude  Eftimate)  happen'd  at  the  Riling 
of  the  Moon  at  Five  or  Six  a-Clock.  But  whether  Regulus  had  been  covered, 
or  whether  it  was  only  a  Tranfit,  I  could  not  be  intirely  fatisfied* 
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The  beginning  of  the  Occultation  of  the 
greater  little  Star  A,  of  the  5  Magnitude 
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The  Conjunftion  of  the  Moon  and  the 
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10  29  36 

The  beginning  of  the  Occultation  of  the 
little  Star  B  of  the  fixth  Magnitude 
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The  end  of  the  Occultation  of  the  Star 
A. 
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The  Seftion  of  the  Light  and  Shade  this  Day  fell  upon  the  Mounts  Serrarum^ 
and  Catfaihosj  through  the  Sinus  Peronticus^  beta;een  Byzantium  and  the  Ifle 
Cjanm^  through  the  Mountains  Amanus  and  Taurus^  and  the  Urian  Mountains. 

The  firft  Kttle  Star  A  is  not  to  be  found  in  Tycho"^  Catalogue,  but  in  my 
new  one  it  is  calFd,  The  Subfequent  under  the  Bull's  Horn  of  the  fifth  Mag- 
nitude. At  this  Time  it  is  tt  19®  1 1'  35'',  and  in  4*  43'  44''  of  Southern  Lati- 
tude. The  other  B,  as  far  as  I  could  colleft  from  this  Obfervation,  is  in  it 
19*  17'  d\  and  in  South  Latitude  /^  47'  o".  But  the  third  C,  which  is  hardly 
to  he  feen  with  the  naked  Eye,  is  now  to  be  found  in  n  19**  9'  o'',  and  in  Lati- 
tude 5°  ^'  o"  South.  Now  the  Star  A  entered  the  Moon  at  Mount  Audus^ 
pafs'd  over  the  Ifland  Cercinna^  Mount  Neptune^  the  Adriatick  Sea,  between. 
Mount  Horminium  and  Mount  Amanu^y  over  Mount  Hercules.  So  Aat  it 
emerged  again  between  Palus  Maotis  and  the  greater  Ifland  of  the  Cafffiah. 
Whence  It  is  plain  that  this  little  Star  A  was  nearly  in  a  central  Conjunftion 
with  the  Moon. 

The  other  Star  B  of  the  fixth  Magnitude  entered  the  Moon  at  Palus 
Maraotis^  pafs'd  through  Sinus  Syrticus^  to  Mount  Athos^  by  Mount  L^/w«j,. 
between  the  Mountains   Sipylus  and  Macyfitus^  below  the  Center  of  the  Moon,, 
by  the  upper  Mount  Mofchusy  through  the  Pimtic  Sea,  and   fo  below  the. 
pcater  Ifland  of  the  Ca/pian  Sea. 

LXXI.. 


(  360.) 

An  occuitjtim  LXXL  M^  2.  ft.  ft.  1683,  at  1 1**  o'  o''  in  the  Evening.  The  Moon  pafled 
tdaxfj/f'  above  theTittle  Star  afflie^Root  of  the  Tail  of  Oncer,  which  then  was  in  « 
4ihv,  Micthcr^  27°  53'  37">  in  South  Latitude  2*"  iS'  42" ;  fo  that  in  the  very  Conjunaion  it 
^67^:  tff  bant-  was  not  diftant  from  the  lower  Horn  of  the  Moon  above  1 2'- 
jBjck  ,^  M.  ^t  j2^  o'  o",  another  fixt  Star,  but  a  very  fmall  one,  was  covered;  which 
cvdius.  ih.  Qj.}^gj.^fg  is  not  in  the  Catalogue.  As  far  as  can  be  guefs*d  it  was  in  ©  28" 
30',  and  in  South  Latitude  1°  54'. 

j9n  occnitatum       LXXII.  I  obfcrvcd  moft  exaftly  the  very  Moment  of  Immerfion,  which 

o/Reeuitts^y     happened  at  II**  17' 20'^  in.the  Evening,  according  to  my  Watch.   The  Line 

M^^^!n.    of  Paffage  went  through  Mare  Pampbilium,  below  the  Ifland  Carpalbos,  the  Iflc 

1683.  ^f  Dam-  of  Cyprus^  below  the  utmoft  Bay  of  Pontus,  and  the  lower  Bay  of  Mare  Caf- 

lityd\^.f.     p'tum.    At  II**  24  42">  according  to  my  Watch,  the  Altitude  of  the  bright 

Star  of  the  Harp  was  obferved  to  be  44**  39'  00''  \  from  whence  the  beginning 

of  the  Occultation  may  be  correded.     The  Sedbion  of  Light  and  Shade  was 

through  the  greater  black  Lake,  at  the  Ifland  Corjica^  Mount  Niconius^  thro* 

the  Strymonic  Lake,  and  the  Ifle  of  Rhodes  ;  by  Mount  Sinm,  and  Mount 

Tecbifandam. 

An  oamUstim  LXXIII.  I  •  At  9^  26''  the  Under  Limb  of  the  Moon  was  juft  rifen,  and  foon 
^  jupker  by  aft^r  Jupiter  appeared  near  the  Eaftem  Limb  of  the  Moon,  within  a  few  Mi- 
Mar.  3i°*i686.  nutes  of  being  edipfed. 

St  London  ih  g^  ^^\  as  near  as  could  be  gueffed,  was  the  Time  of  the  Central  Immerjbtfj 
M.  iMey'.  which  was  very  difficult  to  be  obferved  by  reafon  of  the  Afperity  of  the  Moon's 
n.  ill.  p.  85-   Lijnb,  which  undulated  and  fparkled  very  much,  as  it  appeared  through  the 

Vapours  near  the  Horizon :  The  hgrefs  happened  much  about  the  length  of 

the  Spot,  called  by  Hevelius,  Palus  Maraotis,  to  the  North  of  the  faid  Spot, 

or  about  the  124th  Degree  of  the  outer  Limb  of  his  Selenograply,  nearly  in  the 

fame  Latitude  with  the  Moonh  Center. 

1.0**  30'.    The  Weftern  Edge  of  Jupiter  began  to  emerge  out  of  the  dark 

Limb  of  the  Moon. 

lo*"  31'  20''.  The  whole  Difk  of  Jupiter  was  entire,  fo  that  he  was  about 

a  Minute  and  a  Third  in  coming  out  from  behind  the  Moon. 

The  Emerfion  was  exaftly  in  a  right  Line  with  the  Moon*s  Center  and  the 

Northern  Part  oi  Palus  Meotis,  or  about  the  324th  Degree  of  the  inner  Limb 

of  die  Seknograpbick  table  ofHevelius. 
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Japiter's  Limb  touched  '  the  bright  Limb  of  the  Moon, 
the  Diameter  of  Maraotis  from  its  Northern  Limit. 

Jupiter  was  wholly  cover'd,  as  far  as  could  b^guefs'd  by 
means  of  the  Vapours  of  the  Horizon,  and  the  Undu- 
lation of  the  Limb  which  was  very  turbid. 

The  Difference  of  the  Declinations  of  the  Limb  of  the  Moon 
which  was  truly  Southward,  and  of  the  place  of  Ingrefs  •, 
by  a  Tube  of  8  Feet  and  a  Micrometer,  1 546= 

A  little  part  of  3^pi/^r  emerged  over  againft  the  Northern 
Limb  of  Meotis. 
Jupiter  was  free. 

The  Diflference  of  Declinations  of  the  Center  of  Jupiter^ 
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3.  At  ID**  19'  56%  ML  I.  J  a.  Zimmerman  obfcrved  the  firft  CmtaH  of  the-^^Htircm- 
Umbs  of  Jupitir  and  the  Moon,  and  at  10^  id  47^3  Jupiter  was  all  edipfed,      ^SmS^ 

At  11^  22'  5  \'\  Jupiter  was  wholly  clear  from  the  EcUpfe.  ».  183.  p.  177. 

The  Immer/kn  was  about  the  1 1 7th,  the  Emerfton  at  the  32 1  ft  Degree  of  the 
limb,  in  the  Chart  of  Heveltus. 

At  1 1*"  31'  06",  the  third  Satellite  of  Jupiter  emerged.  Thefe  Times  were 
coUe&ed  from  the  Culminations  of  fixed  Stars,  and  the  Vibrations  of  a  Pen- 
dulum. 

4.  At  10*  20'  50",  Jupiter  applied  to  the  Limb  of  the  Moon,  over-againft3jri«:wiijti. 
the  Laca  PaJudofa  InfuU  Cercinrue. 

At  IO**  22'  00",  he  appeared  about  half  ^f///>/?^. 

At  10*  22'  30",  he  was  wholly  hid. 

At  II  19'  40",  Jupiter  began  to  emerge. 

At  II*  2 1'  20",  he  was  quite  free  from  the  Interpofition  of  the  Moon.  The 
Point  of  the  Emerfion  was  lomewhat  to  the  North  of  the  Palus  Maotis.  No. 
S  t  in  the  Moon  was  fo  near  the  apparent  Magnitude  of  Jupit^%  Difk  as  the 
/i     la  Bejbicus  Hevelii. 

Lt  ii*>  40'  00",  the  Altitude  of  Procyon  was  8"^  37'  5  whence  the  Pendulum 
C  :k,  which  had  been  fet  by  Altitudes  of  the  Sun  the  Afternocm  preceding, 
IE      be  examined* 

OL.  L  Aaa  5.  Tho* 


yfj  Dantiick, 
M»  Herelius* 
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(   3^2  ) 

h  5.  Tho*  hitherto  for  c,S  Years  I  have  neglefted  no  Obfervation  of  any  Mo- 
ment^ yet  1  feave  «ot  been  ^bic  rightly  to  take  and  note  <k>wn  above  three 
Eclipfes  of  Jw/'/z^r.  The  firft  ^z^  An.  1646.  Dec.  24.  in  the  Evening  ;  but 
Aen  I  could  only  obferve  the  End.  The  fecond  was  An.  i6yg.  June  5.  in  the 
Forenoon  i  at  which  Time  the  whole  fucceeded  as  I  could  wifh.  The  third 
was  this  prefcnt  Year  1686.  Apr.  10.  in  the  Evening. 

Among  other  things  this  is  to  be  noted^  that  this  Occulcation  did  not  hap- 
pen when  the  Moon  was  quite  in  the  full,*  but  about  a  Day  after  the  fiiU  Moon, 
in  the  Evening.  And  iikfewife  at  the  fame  time,  (which  is  very  wonderhjl, 
and  is  a  Coincidenct  which  hardly  ever  happens)  and  with  the  lame  Appear- 
ance, as  was  feen  in  that  Occukation  An.  1 646.  Dec.  24.  in  tte  Evening. 
At  which  T  ime  the  Moon  had  now  decreafed  for  two  Days,  and  without 
doubt  it  exhibited  the  fame  Libration  alfo,  as  in  this  our  laft  ObfervatiofL 
For  the  Sedtion  of  Light  and  Shadow  was  juft  the  fame,  and  pafs'd  through 
the  fame  Spots,  which  I  cannot  fufficiently  admire ;  thit  is,  at  the  greater  aoA 
leffer  Hyperborean  Lake,  alfo  at  the  Ripbean  Mountains,  through  P2m  Maotb^ 
by  the  greater  Lake  of  the  Ofpian  Sea,  and  its  lower  Bay  to  Mount  Nerofus. 

On  the  contrary,  the  Occukation  of  7«^//^r  obferVed  by  me  An.  1679.  '^'^^ 
Very  different,  as  it  happened  not  about  the  full  Moon,  but  the  new  Mooq, 
about  three  Days  before  the  Conjunftion, 
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17  40  The  Sun's  Altitude. 
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The  Sun's  Altitude. 
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The  Moon  rifes  about  .  ■         — ■ 

Jupiter  was  diftant  from  the  Ifland  of  Cercinna 
about  43  Minutes. 


lo  2i  20  Jupiter* s  Diftance  was  fuch,  as  the  Diftance  of  M. 

Sinai  from  Pa!us  Marieotis. 
10  40  35  7«/^V^^'s  Diftance  was  nearly  equal  to  the  Diftance 
^^^     between  Mount  Mtna  and  Mount  Porphyrites. 
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The  Limb  of  JupiUr  was  as  far  diftant  from  the  Limb 
of  the  M.  as  Pal.  Maraotis  from  the  Limb  ojf  the  M 

Jupiter  with  his  Limb  began  to  touch  theLimb  of  the  M 
and  thus  the  beginning  of  the  Occultation  came  on 

Half  Jupiter  was  hid. 

All  Jupiter  was  wholly  covered  by  the  Moon. 
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II     831  The  Occultation  of  the  outmoft  of  Jupiter* s  Compa 
nions  happened  at  Mons  Alabajtrinus. 
Only  two  of  his  Companions  could  be  feen  on  the 
ji^ftern  Side. 
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Altitude  of  Lyra. 

The  Ifland  Bejbica  and  Rhodes  were  found 
under  the  fame  Perpendicular,  which 
was  removed  about  35  Degrees  from 
the  vertical  Line  of  the  Moon. 

The  Altitude  of  Lyra. 
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The  beginning  of  Jupiter^s  Emerfion. 

Half  Jupiter  emerged. 

All  Jupiter  appeared. 

Diam.  of  the  M.  obferved  with  a  Microm.  was  3 1'  o'\ 
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The  Diftance  of  Jupiter  from  the  Confine  of  Light 
and  Shade  was  equal  to  the  Diftance  of  Mount 
jEtna  from  Mount  Porphyrites. 


12 
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II  57  20 


Diftance  oi  Jupiter  from  the  Confine  of  Light  and  Shade 
was  equal  to  the  Dift.  between  the  Ifland  Bejbica  and 
MountyS/«^.  And  the  moft  remote  of  Jupiter's  Com 
panions  was  as  far  diftant  from  Jupiter ,  as  that  Com 
panion  from  the  faid  Confine  of  Light  and  Shade. 
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The  Altitude  of  Lyra. 
The  fame  Altitude  again. 
The  Altitude  of  the  Moon. 
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*v  xi  15  plain  from  the  Obfervation  itfelf,  that  the  Path  or  Line  of  Jupiter^s 
I  -  was  by  Mount  jllabaftrinus^  by  the  Mount  of  Chriji^  Mount  Carpathos^ 
fc  mnt  Macrocemnios^   and  by  the  lower  Hyperborean  Lake.     Secondly, 

ti  Qand  Bcjlica  and  the  Ifle  of  Rkcdes  were  under  the  fame  Perpendi- 

c  the  Time  of  the  Occultation,  about  ix^  30'  j  fo  that  35  Degrees  of 

t      oon's  Limb  culminated.     Therefore  Jupiter  entered  the  bright  Limb  of 

A  a  a  2  the 
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the  Moon  about  the  6i  Degree,  that  is,  from  the  Pe^endicular  line  of  the 
Nonagefm  and  the  Point  of  the  Zenith,  towards  the  Eaft.  And  he  went  out 
about  the  3 1  Degree  from  the  faid  perpendicular  Line  of  the  Nonagefm  to- 
wards the  Weft,  at  the  obfcure  Limb  or  the  Moon.  Therefore  Jupiter^  Path- 
Line  was  a  Subtenfe  of  almoft  104  Degrees,  in  the  North  Part  of  the  Moon. 

Bcfides  it  is  very  well  worth  obferving,  that  from  this  Obfervation  I  could 
derive  the  Diameter  of  Jupiter  exaftly ;  which  was  51"  42'".     And  of  this 
Magnitude  was  the  Diameter  of  Jupiter^  or  about  50'',  whenever  I  meafured 
it  by  the  Spots  of  the  Moon.     But  in  the  Year  1679,  on  the  5th  oijune^ 
when  I  obferved  a  like  Eclipfe  of  Jupiter^  it  was  much  lefs  than  this,  being 
only  30"  53'''.     Which  I  imagine  to  proceed  from  hence,  becaufe  that  Obfer- 
vation was  made  in  the  Day-time,  and  while  the  Sun  fhined,  when  the  adven- 
titious Rays  of  the  Stars  and  Planets  are  more  difpell'd  by  the  Sun's  Light, 
than  in  a  dark  Night.     Now  if  you  fliould  inquire  which  of  thefe  apparent 
Diameters  I  take  to  be  the  truer,  I  Ihould  anfwer  that  which  was  obferved  on 
the  5th  ot  June  in  the  Year  1679,  when  the  Sun  fhined.     Not  becaufe  the  laft 
was  not  obferved  with  the  fame  Diligence  and  Exaftnefs  ;  but  becaufe,  as  I 
faid  before,  the  adventitious  Rays  in  the  Night-time  are  a  greater  Hindrance 
than  in  full  Day-light. 
At  Paris  i  h       6*  ^^  9^  3^'  ^  ^  Juptter  was  in  a  Perpendicular  falling  on  the  Limb  of  the 
^'i^'^*^*'    -  -^^^^^'^  over-againft  the  Northern-part  of  the  Spot  GrrV»tf/^/,  {Maraotis)  nt2ff  to 
3.  F«  J7v  .jiiccioli  {Slag.  Miris)  and  diftant  from  the  Limb  about  4  Times  as  much  as 
-the  faid  Spot. 

9^  40'  2i'\  Jupiter  touched  the  Circumference  of  the  Moon^  which  undu- 
lated byreafon  of  the  Vapours  near  the  Horizon. 

9"  41'  20",  He  quite  difappeared  in  the  Inequalities  of  the  Mootf^  Limb, 
the  Total  Immerfion  might  be  fome  Seconds  later.  So  the  Central  Immerfim 
was  at  9^  40' 51''.  Jupiter  entered  over-againft  that  Part  of  Grimaldi  next 
Rsccioli. 

10^  30'  2",  The  outernwfl  Satellite  which  preceded  Jupiter  appeared  over- 
againft  the  Middle  of  the  Cafpian  Spot  {Pal.  M^otis)  through  which  the  SeSim 
of  Light  and  Darknefs  paffed,  and  made  nearly  an  Equilateral  Triangle,  with 
the  Extremities  of  that  Spot. 

10^  40'  24'',  The  firft  Limb  of  5^//^  began  to  come  out  of  the  dark  Sde 
oilhtMoon^  over-againft  the  ^orth-part  of  the  Ctf^/^w  Spot,  about  CeomeJes^ 
{ad  Montes  Riph^os.)  ' 

10*^  40'  56",  The  Center  of  Jupiter  did  emerge.  It  was  difficult  to  diftin- 
guifh  the  Moment  when  Jupiter's  Difk  was  fully  clear,  but  at  10^  41'  36*", 
the  Eclipfe  was  certainly  paft. 

At  the  Emerfton  of  the  Center,  the  Altitude  of  Jupiter  was  i !°  3  »'- 
At  10*^  42'  49",  The  Second  Satellite^  being  the  neareft  of  the  thi  I- 

lowed  the  Planet,  emerged. 

At  lo*"  45'  i\  The  Innermoji  Satellite^  being  near  its  greateft    ^  % 

emerged. 

At  10**  50'  40'',  The  mrdy  or  Penextimus  Satellites j  being  like\ ts 

greateft  Elongation^   began  to  appear  over-againft  the  Northern-Edge  -     le 
Cajpian  Spot.  Lt 
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At  II*  45'.  The  Diameter  of  the  Moon  was  32'  if'h  and  according  to  the 
Calculus  of  M.  Cqffiniy  her  Parallax  was  6r  Min. 

%  The  Central  Immerfion  was  at  9**  42'  13";  and  the  Central  Emerfion  at  ^*  Avignon  ;f; 
10*  45'  26",  overagainft  the  Southern- part  of  the  Cafpian  Spot.  ^-  ^-  ^°^** 

LXXIV.  I.  The  Immerfion  was  feen  at  Totteridge  (which  Place  is  about  9  Anoamiutim 
Miles  from  London,  and  nearly  25"  of  Time  to  the  Weftward  thereof)  by  jJJ^jJ'Xr'lV 
Mr.  Ed.  Haines^  who  between  a  Gap  of  the  Clouds  obferved  the  ContaSl  of  lew^'n.  iSif  ' 
the  Moon^s  Limb  and  Jupiter" s,  at  3**  3'^.  ^  ^7* 

The  Clouds  clofing  again  permitted  him  to  obferve  no  more :  however 
from  this  we  may  conclude  the  Central  Immerfion  at  London^  to  have  been  3*" 
^'y,  mane. 

The  Emerfion  was  obferved  at  London^  by  Mr.  Edm.  Halley^  to  fall  out  at 
3^*  49' :  for  at  3^  50',  Jupiter  was  all  out,  and  the  Limbs  fo  little  fcparated^ 
that  he  judged,  that  a  Minute  before,  the  Center  of  Jupiter  had  been  upon 
the  Moon*s  Edge  :  The  Point  of  the  Emerfion  was  over-againft  the  Southern- 
part  of  the  Spot,  call'd  by  Hevelius  Infiila  Macra^  or  at  the  342d  Divifion  of 
the  inner  Limb  of  his  Map  of  the  Moon. 

2.  The  Immerfion  of  the  Center  happened  at  3**  37'  23",  on  the  Eaft-fide  of  ^'AvifBoo;  ly 
the  Spot  Xenopbanes.    The  Emerfion  was  at  4**  28'  24",  between  Seneca  ^r^  ml li^rijj. 
Berojus^  according  to  Riccioli^  or  ad  Monies  Aanos  Heveliiy    a  little  to  the 
Northward  of  the  Palus  Maotis.. 
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Jupiter  was  diftant  from  the  M.'s  Limb  by  a  greater  In- 
terval than  that  of  Mount  Sinai  from  Mount  Mtna. 

Jupiter^s,  Diftance  was  as  much  as  that  of  Mount  Por- 
pbyrites  from  Byzantium. 

Diftance  o(  Jupiter  from  the  Limb  of  the  M.  was  equal 
to  the  Dift.  of  the  Ifle  of  Sardinia  from  Pal.  Maraotis 

Jupiter  was  diftant  from  the  Limb  of  the  Moon  fome- 
thing  more  than  Palus  Maraotis  from  ^tna. 

Dift.  of  Jupiter  from  the  Limb  of  the  Moon  was  almoft 
equal  to  that  of  M.  Porpbyr,  from  the  Ifland  Cercinna. 

The  Planets  were  now  fet. 
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LXXV.  I. 

yfn  Ouultatton 
c/ Saturn  by  the 
Moon,  Mar.  19. 
1C86-7  tff  Toe- 
teridgc'i  by  Mr, 
Ed.  Haines. 
».  186.  p.  268« 


The  Altitude  of  Polluii. 


The  Limb  of  the  Moon  touched  the  Weftern 

Anfa  of  Saturn. 
The  Immerfion  of  Saturn^s  Center  a  little  be 

low  PahiS  Mar^otis. 
Saturn  was  quite  hid. 

The  Altitude  of  the  Center  of  the  Sun. 
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hi  Ireland;  *r        2.  March  1 8.   At  Night  I  obferved  here  the  Occultation  of  «9tf//znf  by  the 


o/cioyn!      ^^  iW<?^»,  which  happened  at  1 2 
II.243-  p-  ^n-   the  Moon^s  Difcus. 


13'  55'' :  it  paffed  direftly  under  the  Midft  of 


P-ft^/wof  Saturn, 
Jin,  1665.  4f 
Main  head  ntor 
Exeter  j  by  Mr, 
William  BalK 
%,  9.  p.  ifi. 

^0.     1666.     4f 

London ;  by  Dr» 
Hook.  «.  14. 
p.  246. 
Fi£.  133, 


An.  t668.  at 
Paris  i  ^j  M. 
Hugcns  4iu/  Af. 
P.ccart,  «.  45, 
P'  900. 


An.  1^70.  at 
Duntxick  ;  *y 
M.  Hevelius. 
i».  65.  p.  2089. 

F'i.  134. 


LXXVL  I.  05.  13.  1665.  at  fix  of  the  Clock,  with  a  very  good  Tele- 
fcope  near  38  Foot  long,  and  a  double  Eye-glafs,  Saturn  appeared  to  mc 
fomewhat  otherwife  than  I  expeded,  thinking  it  would  have  been  decreafingi 
but  I  found  it  as  full  as  ever,  and  a  little  hollow  above  and  below. 

2.  June  29.  1666.  between  11  and  12  at  Night,  I  obferved  the  Body  of 
Saturn  thro'  a  60  Foot  Telefcope,  and  found  it  exaftly  of  the  Shape  repre- 
fented  in  the  Figure.  The  Ring  appeared  of  a  fomewhat  brighter  Light  than 
the  Body  -,  and  the  black  Lines  a  a^  crofling  the  Ring^  and  b  h^  croffing  the 
Body  (whether  Shadows  or  not  I  difpute  not)  were  plainly  vifible  ;  whence 
I  could  manifeftly  fee,  that  the  Southernmoft  part  of  the  Ring  was  on  this  fide 
of  the  Body,  and  the  Northern-part  behind  or  covered  by  the  Body. 

3.  Aug,  17,  1668.  at  iii^  thefe  P^r/^^«  Obfervers,  imploying  a  Telefcope 
of  2 1  Foot,  faw  the  Globe  of  Saturn  in  the  Middle  manifeftly  appearing  above 
and  below,  beyond  the  Oval  of  his  Anfes  ;  which  was  hardly  difcernible  the 
laft  Year.  They  meafured  divers  ways  the  Inclination  of  the  greater  Diame- 
ter of  the  Oval  to  the  Mqiiaior^  and  found  it  of  about  9  Degrees.  By  this 
Obfervation  and  other  like  ones  of  this  and  the  preceding  Year,  1^  Uf^or^^^ 
finds,  that,  inftead  of  23''  30',  the  Angle  of  the  Planes  of  the  Ri  ^  c 
Ecliptick  muft  be  of  3 1%  or  thereabouts. 

4.  Aug.  26.  New  Style,  1670.  That  Telefcope  of  50  Foot  long,  ^  u 
lately  fent  me,  fhew'd  me  the  Face  of  Saturn  very  plainly  and  clr-  > 

withllanding  the  Prefence  of  the  Moon.     Now  how  it  appeared  to  i «c 

feen  by  this  Delineation.     It  had  a  very  different  Appearance  from  '"^*  is 

feen  by  Mr.  Hi^gens^  and  you  alfo,    An.  1666.  and  likewife  by  is 

z  Obfen     rs 
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Obfervers  in  1668.  For  the  Ring  which  encompaflfes  Saturn  was  now  found 
to  be  much  narrower  and  clofer  than  at  that  Time,  its  Path  now  being  much 
more  oblique  in  refpedl  of  the  Earth. 

5.  This  Summer  Mr.  Huygens  obfervcd  Saturn  with  his  Telefcope  of  22  ^r  Paris ;  ^Af. 
Feett  and  faw  his  Figure  to  be  very  conformable  to  what  it  Ihould  be  accord-  ""y^^"»-  ^' 
ing  to  his  Hypothe/ts  \  yiz.  the  y^;//?  or  Arms  to  be  very  narrow,  infomuch  ^*  *'^^' 
that  their  Opening  appeared  not  but  very  obfcurely. 

6.  Sept.  16.  Dr.  Hock  obfervcd  the  Phafe  of  Saturn  as  here  .reprefented,^*^  London,- ^ 
jR?»  135-  ^'''  "°°^'  '*• 

7.  Saturn^  according  to  the  Hypothefis  of  Mr.  Huygens^  was  to  have  retaken  An.  1671. 4,t 
his  Round  Figure  in  the  Months  of  July  and  Auguji  167 1.     But  this  Appear-  ^^^^;.^  \  \ 
fflicehath  been  perceived  ever  fince  the  End  oi  May^  at  a  Time  when  he  wasp-'son"^  ' 
diftant  enough  from  the  Sun  and  the  Horizon^  to  be  well  obferved.     He  hath 
fetnained  in  this  Figure  unto  the  wth  of  Augufi^   and  Mr.  Ccjfmi  did  then 
obferve  him  thus  -,  but  three  Days  after  he  faw  him  with  Arms^  though  very 
narow  ones. 

8.  Our  Philofopbers  here  know  very  well,  that  as  foon  as  Mr.  C^Jfini  had  ^y  m.  Kuyirep^. 
told  me  that  the  Arms  oi  Saturn  were  returned  in  Augujl^  I  faid  that  affuredly'^P-^^^^'^^^^' 

I  tifcy  would  difappear  before  the  End  of  this  Year.  I  ftill  obferved  them, 
*  Nffo.  6.  ft.  n.  in  the  Evening,  but  they  were  fo  faint  and  obfcure,  that  it  was 
hard  to  difcem  them  ;  fo  that  within  a  few  Days  they  will  appear  no  more  at 
I  alL  This  confirms  altogether  my  Hypothsjis  of  the  Bing^  which  now  difap- 
\  pears  in  proportion  as  the  Rays  of  the  Sun  do  obliquely  illuminate  the  flat 
\     Surface  of  it,  obverted  to  our  Sight. 

[  9.  How  it  appeared  lately,  on  Sept,  ji.  New  Style,  I  have  delineated  very-^^Oanr/.cki^ 
truly  and  carefully,  and  have  here  fent  you  the  Scheme.  But  in  the  Months  p^^^^^^^j^'^^ 
^J^!^  y^yj  and  Augu/i^  that  you  fhould  fee  it  quite  round,  as  the  Parijians 
affirm,  1  can  hardly  imagine.  For  tho'  the  Arms  of  Saturn  might  appear  very 
dofe  at  the  Sides,  even  in  a  Tube  of  60  or  70  Feet,  yet  I  can  hardly  think 
they  could  quite  vanifh,  fo  that  no  Remains  of  them  could  .be  feen.  Perhaps 
ihtPariftans  might  view  Saturn  in  fliort  Telefcopes,  during  the  Twilight, 
I    when  the  Moon  was  up. 

io.i  OH.  12.  with  my  lefs  Tube  I  thought  I  faw  fomething  on  each  Side  ofyftDtrhyhyMr. 
Saturn,  amidft  the  Colours  of  my  Glafs,  and  the  fpurious  Rays  of  his  Body.  f^^j^^'^^^^-'^'P- 
Direfting  my  longer  Tube  (of  14.  Feet)  to  him,  1  could  fee  his  Anf^  fome- 
what  more  diftindly,  but  very  flender,  and  to  one,  that  thought  not  of  them, 
fcarce  difcernible. 

Nov.  30.  I  obferved  him  with  my  14  Foot  Telefcope,  die  Aperture  being 
ij:  Inch,  and  its  Eye-GIafs  drawing  two  Inches.  He  appeared  perfectly  ?'cu?id, 
free  Rays  and  Colours,   and  no  Anf^  to  be  ken,     Mr.  7oivnLy  in  his  laft 

(iVi  ..  ^^.)  tells  me,  that  he  looked  at  him  one  Night,  and  could  hardly  di- 
ftifl]  uifh  his  Line  of  the  AnfulcBj  but  plainly  faw  a  dark  Line  through  him^t^^xMiiyM. 
nea.        upper  Part.  .  "^-^^^^ 

I       ^^c.  16.  we  found  xhzt  Saturn  had  retaken  his  round  Figure.  ^'  London;  by 

I      ^    U2y./\T\  the   Morning  1675.   we   faw  Saturn  improved  with  his„.li'i6/^372.' 
wid    md  open  Anfie.  Hmh^v^xL 

I     In  Auguji^  the  Figure  of  Saturn  appeared,  as  Fig.  137.  ^127.  pf^^i?* 

14.  From 
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An.  i^7«.  St        14.  From  the  Scheme  of  Saturn^  as  obfcrved  by  Mr.  Hevelius  a  Year  ago, 
Ciifini/iffi.   I'perceived  that  he  made  ufe  of  Telefcopes  which  were  miich  inferior  to  ours. 
690  *         For  at  that  Time,  as  alfo  now  Aug.  1676.  in  the  Globe  of  Saturn^  an  obfcure 
^^;  j]^;      Zone  was  ften  by  us,  a  little  to  the  South  of  the  Center,  not  unlike  the  Zones 
of  Jupiter.   Moreover  the  breadth  of  the  Annulus  was  divided  into  two  Parts, 
by  an  obfcure  Line  that  to  appearance  was  elliptical,  but  was  really  circu- 
lar, as  it  were  into  two  concentrick  Rings,  the  Interval  of  which  was  brighter 
than  the  External.     I  faw  this  Phafis  immediately  after  the  Emerfion  of  Saturn 
out  of  the  Sun's  Rays  through  the  whole  Year  quite  to  his  Immerfion  •,  firft 
with  a  Telefcope  of  35  Feet,  and  afterwards  with  a  lefs  of  20  Feet. 

p/4r««/ Saturn  LXXVIL  I .  Aug.  26.  ft.  fi.  1670.  I  faw  SuturHy  the  Altitude  oi  Aquila  be- 
f/"o7l.1r;at.  ing  24°  32'  o\  at  the  Diftance  of  33^  48'  o",  from  the  utmoft  Wing  of  Pe^ 
xicki'*y  A/,  gafus^  and  24''  51'  40''  from  his  Mouth  ;  in  j^  11'  of  PifceSy  and  in  1°  5/'  of 
J'loC  "*   ^'  South  Latitude,  being  then  in  Oppofition  to  the  Sun. 

An.  «677-**  2.  Dec.  2^.  Dcw  Style,  1 677.  at  Z^  58'.  In  the  fame  Azimuth,  and  in  the 
£miad«.  m  nonagefm  Degree  of  the  Ecliptick  from  the  Horizon,  we  faw  Saturn  and  the 
139-  P-  97J.     Northern  Eye  of  the  Bull,  which  was  below  Saturn.     Whence  we  found  that 

the  Planet  and  the  fixt  Star  had  the  fame  Longitude  in  the  Zodiack  5  that  is, 

n  3*  58'  sfj  according  to  ^ycbo. 

Thettermofi        LXXVIII.  I.  About  the  End  of  OSlober  1671.  we  difcovercd,  by  a  Tele- 

Satellite  ^sa-    f^opc  of  1 7  Fcct,  II  fmall  Stars  near  Saturn ^  one  of  which  by  its  particular 

^^5/.  cXii.    Motion  lhew*d  itfelf  to  be  a  true  Planet ;  which  we  found,  by  comparing  it  not 

•.9».  p.  5i7«.  Qj^iy  xo  Saturn  and  his  ordinary  Satellite^  difcovered  1655  by  M.  nw/genSy  but 

alfo  to  the  Fix'd  Stars.    The  Motion  of  it  was  very  manifeft  in  refpdl  of  the 

Fix'd  Stars,  but  lefs  fenfible  in  refpeft  of  Saturn ;  yet  it  appeared,  that  from 

OSober  25,  unto  November  i,   his  Diftance  from  Saturn  increafed  Weftward, 

and  from  diat  time  unto  Novem.  6.  it  diminiftied :  So  that  his  greateft  Digreffim 

from  Saturn  happened  b  the  Beginning  of  November. 

Dec.  16.  We  found  that  on  the  Eaft  of  Saturn^  there  was  a  fmall  Star$  far 
diftant,  in  a  flreight  Line  to  Saturn^  and  to  his  ordinary  Satellite^  which  was 
Oriental  alfo,  but  little  diftant  from  Saturn.  And  Dec.  i^th,  we  faw  this  &• 
tellite  in  the  Weft,  and  a  Star,  Oriental  likewife,  lefs  diftant  from  Saturn  \3xux 
that  we  had  feen  the  16/^. 

Dec.  13.  and  17.  1672.  We  perceived,  with  an  excellent  Telefcope,  (of  35 
Feet,  made  by  Campani)  an  Occidental  Star,  remote  from  Saturn^  which  in 
both  thofe  Obfervations  had  a  Southein  Latitude  in  refpeft  of  the  Line  of  his 
Wrings  i  but  in  the  firft  it  was  further  diftant  from  Saturn  than  in  the  fecond : 
fo  that,  if  this  was  the  fame  Star,  as  I  fuppos'd  it  to  be,  it  movM  towards  Sa- 
turn on  the  Eaft,  and  confequently  (fuppofing  it  to  be  his  Satellite)  it  was  in  the 
fuperior  Part  of  his  Circle. 

Feb.  6.  1673.  We  began  to  fee  him  again,  and  we  obferved  him  almoft  all 
the  Days  following  till  the  lotb.  This  new  Planet  did  more  and  more  remove 
from  Saturn  till  the  19th  of  Feb.  when  we  meafured  the  Difference  between  his 
Paflage  and  that  of  the  Center  of  Saturn  to  be  30"  of  an  Hour,  which  gave  at 
leaft  10  Diameters  of  Saturn^  and  on  the  2otb  the  Diftance  was  judged  by 
Eftimatc  to  be  yet  greater.  This 
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Tiis  Digreffion,  being  treble  to  that  of  the  Ordinary  Satellite^  enabled  us^-  p-  5*79* 
\  to  judge  die  Time  of  this  Revolution  to  be  Quintuple,   applying  to^***' 
iteUites  that  Proportion,  which  Kepkr  hath  noted  in  the  Principal  Pla- 
letween  the  Periodical  Times  and    their  Biftances.     We  were  after- 
confirmed  in  this  Opinion  ;   for  by  the  apparent  Swiftnefs  of  his 
,    it  was  eafy  to  fee  that  this  Planet  had  been  in  Conjundion  with 
^ch.  3.  1673.  and  by  his  Motion  on  the  Weft,  it  appears,  that  he 
le  inferior  part  of  his  Circle :    And  becaufe  during  this  time  of  1 7 
^.^^  ..    remov'd  more  and  more  from  Saturn^  'tis  certain  that  he  remained 
lithe  fame  Quadrant  of  the  inferior  Occidental  Circle  above  17  Days,  and 
that  his  whole  Revolution  is  more  than  68  Days.     He  was  thefe  laft  Days 
at  a  Diftance  almoft  equal  to  that  which  he  had  about  the  end  of  OSober 
167 1  5  io  that  in  480  Days  or  thereabout  he  made  a  certain  Number  of  In- 
tire  Revolutions^  which  can  be  no  more  than  7  5    fince  each  of  them  is  with- 
out Queftion  of  more  than  68  Days.    If  you  Ihould  count  7  of  them,  each 
would  be  68i  Days ;  if  you  count  6,  each  would  be  80  Days*;    and  if  you 
count  but  5,   each  would  be  g6  Days.    But  this  laft  Suppofition  can  by  no 
means  be  made  to  agree  with  the  two  Obfcrvations  of  Dec.  1672  i   and  the 
firft  doth  not  agree  fo  well  with  them  as  the  fecond. 

Mr.  Caffini  has  fince  found,  that  this  outermoft  Satellite  is  diftant  from  the*  ijj.  p.  %^^ 
Center  of  Saturn  \o\  Diameters  of  his  Ring ;  that  the  Period  of  his  Revoke 
tim  in  80  Days  is  fo  juft,  that  he  doth  not  anticipate  9  Revolutions,  which  ' 

arc  made  in  two  Years,  but  by  one  whole  Day ;  and  that  in  the  Conjunc- 
tions with  Saturn^  his  Latitude  encreafes  according  as  the  Ring  of  Saturn  cn- 
largeth  itfelf  j  though  the  Line  of  his  Motion  is  not  parallel  to  the  Circum- 
ference of  the  Ring. 

Mr.  Caffini^tYi  alfo  difcovered,  after  many  Revolutions,  that  this  Satellite 
hath  a  Period  of  Apparent  Augmentation  and  Diminution^  by  which  Period  he 
becomes  vifible  in  his  greateft  Occidental  Digreffion,  and  invifible  in  his 
greateft  Oriental  Digreffion  ;  he  begins  to  appear  two  or  three  Days  before 
his  Conjunftion  in  the  inferior  part,  and  to  difappear  two  or  three  Days  after 
his  Conjunftion  in  the  fuperior  part :  So  that  he  remains  invifible  in  every 
Rev^tion  of  80  Days  for  a  whole  Month  together. 

Inis  Viciffitude  of  Pbafes  makes  it  feem  probable,  that  one  part  of  his 
Surface  is  not  fo  capable  of  Reflefting  to  us  the  Light  of  the  Sun,  which 
maketh  it  vifible,  as  the  other  part  is.  Whence  we  may  conjefture,  that 
the  Globe  of  the  Satellite  hath  fome  Diverfity  of  Parts  analogous  to  that  of 
the  Earth,  the  one  part  of  whofe  Surface  is  covered  by  the  Seaj  which  is 
not  fo  fit  to  refledl  from  all  parts  the  Light  of  the  Sun,  as  the  Continent 
iirhich  maketh  up  the  other  part :  So  that  this  Planet  by  a  Converfion  about 
his  Axis^  or  by  an  Expofition  of  the  fame  Hemifphere  to  Saturn  (much 
after  the  manner  of  the  Hemifphere  of  the  Moon  to  the  Earth)  fometimes 
turns  to  us  the  part  analogous  to  the  Continent,  fometimes  that  part  which 
anfwcrs  to  the  Sea. 
V  L.  L  B  b  K  LXXIX. 
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ThtThhdSiuu      LXXIX.  Dec.  23.  1672.  We  found  a  fmall  Star  Wcftward  of  Saturn^  be-       ^ 
%^*T^h     ^ween  him  and  his  Ordinary  Satellite^  which  was  on  the  Weft  alfo,  almoft  at 
il^!'c^'i,  II.    a  double  Diftance.     Bee.  30.   we  faw  a  little  Star,  on  the  Ezft  of  him  and  his  , 
9*.  P-  5>«t-      Ordinary  Satellite^  which  had  paflcd  alfo  to  the  Eaft  of  him. 

Jan,  10.  1673.  This  little  Star  appeared  to  have  returned  almoft  to  the 
fame  Pofition  in  refpedt  of  Saturn  and  his  Ordinary  Satellite^  where  it  had 
been  Dec.  23.  Jan.  15.  the  Ordinary  Satellite  was  Oriental,  and  the  Mi» 
lOne  Occidental,  as  it  had  been  in  the  precedent,  but  a  little  nearer  to  Saturn: 
We  had  that  Evening  time  enough  attentively  to  obferve  this  Flanet  for 
a  whole  Hour  together,  during  which  we  perceived,  it  approached  to  Saium 
on  the  Weft,  and  confequently  was  in  the  luperior  part  of  his  Circle:  Which 
did  fully  confirm  us  in  the  Suppofition  we  were  inclined  to,  that  it  was  an 
interior  Satellite. 

Comparing  the  Obfervations  together,   we  began  to  find  the  Rule  of  the 
Motion  of  tEe  new  Interior  Satellite.    For  the  two  laft  fhewed  us,  that  in 
5  Days  he  had  made  more  than  a  whole  Revolution.    The  firft  Obferva- 
tion  compared  with  the  third  made  us  judge,  that  in  1 8  Days  he  had  made  a 
Number  of  Revolutions,  almoft  whole  ones,  which  certainly  were  4  j  each 
of  them  was  of  4iDays:    So  that  between  the  lotb  and  i^tb  it  might  be, 
,  that  there  had  been  one  Revolution  of  4»  Days,  or  two  Revolutions  of  2^ 
Days  each.    But  the  Combination  of  the  firft  with  the  fecond^  made  us  fech^de 
the  Period  of  2^  Days.    We  therefore  judged  by  thefe  Obfervations,  that 
this  laft  Planet  finiflies  his  Refolution  about  Saturn  in  4t  Days  •,   that  the 
Semidiameter  of  his  Circle  is  i  J  of  the  Diameter  of  Saturn^s'  Ring  ;  and  that 
he  was  towards  his  greateft  Occidental  Digreffion  the  23d  of  December^  and 
Jan.  I.  about  7  a  Clock  in  the  Evening.    We  have  fince  found,  that  his 
V  i33'P'8s3-  g^^^^ft  Digreflion  frcmi  the  Center  of  Saturn  is  only  if  of  his  Ring^  and  the 
Period  of  his  Revolution  is  4  Days  12**  and  27'.    His  Latitude  augments 
alfo  according  as  the  Ring  enlargeth,  and  at  the  prefent  that  the  largenels  of 
the  Ring  is  greater  than  the  Diameter  of  the  Globe  of  Saturn^  he  is  to  pafs  ia 
the  Conjunctions  without  touching  either  Saturn  or  his  Ring.    Yet  notwith- 
ftanding  we  have  not  yet  been  able  to  diftinguifh  him  in  the  Conjunctions 
either  in  the  upper  or  lower  part  of  his  Circle  i  but  only  in  his  greateft,  as  well 
Oriental  as  Occidental,  Digreflions. 

7W2irfwV5a-      LXXX.  Thefe  two  SatelUtes  were  firft  of  all  feen  in  Mir,  An.  1684-  by 
leiiitefjf  Saturn  two  excellent  Objeft  Glaffes  of  100  and  136  Feet ;  and  afterwards  by   two 
iw^'offini.*''     others  of  93  and  70  Feet ;  all'  made  by  S.  Campania  after  the  Difcovcry  of  liie 
».  »8i.  p-  79-    3d  and  5tb  Satellites^  which  had  been  made  by  others  of  his  Glafles  of  4,7 
and  34  Feet.    We  have  fince  feen  all  thefe  Satellites  with  that  of  34  Feet-,  and 
continued  to  obferve  them  with  GlaflTes  of  M.  Borelli  of  40  and  70  Feet, 
and  by  thofe  whkh  M.  Artouquel  hath  lately  made,  of  80,  155,  and  220 
Feet.     It  lYas  eafy  for- us  to  fee  thefe  two  Satellites  by  thefe  difierent  forts  of 
Glaffes,  after  having  found  the  Rules  of  their  Motion,  whereby  we  mighr 
with  more  particular  Attention  look  upon  the  PUces  where  they  ouf^ht 
to  be. 
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The  Firft  Sat^lUie  was  ohfenrcd  45*  diftafit  from  its  Prngi^^  moving  to- 
ward the  Weft,  Mar.  11.  1686.  Ji.  n.  at  id**  40'  at  Nighty  and  returned  to 
the  fame  Pofition  on  the  14th  of  April  zx,  the  fame  Hour. 

The  Secmtd  was  36*"  diftsmt  from  the  Peripe  to  the  Weft,  the  jo/i  of  M^tr. 
1686.  fi.  n.  at  8  a  Clock  in  the  Evening. 

The  Firji  or  Innermoft  Satellite^  is  never  diftant  from  Safum^s  Ring  above 
f  of  the  apparent  Length  of  the  fame  Ring  •,  it  makes  one  Revolution  in  i*" 
21^  19'  I  and  the  Circle  of  its  Orb  is  nearly  in  the  lame  Plane  with  the  Ring. 

The  Sicond  or  Pmntime  Satellite  is  \  of  the  Length  of  the  iZ/'/^f-^iftant 
therefrom,  and  makes  his  Revolution  in  i^  17^  43'. 

After  a  great  Number  of  choice  Obfervations,  it  was  concluded,  that  the 
Proportion  of  the  Digreffions  of  the  Second  to  that  of  the  Firfi^  (counting  both  * 
fa-am  the  Centre  of  Saturn)  is  as  22  to  17  ;  and  of  its  Revolution  as  24I  to  17. 
TWs  is  thajt  very  fame  Proportion  which  Kepler  obferves  between  the  Diftances 
and  Period  of  the  Primary  Planets^  and  which  we  have  foutui  between  the 
ctittr  Satellites  of  Saturn^  and  is  verified  ki  the  Satelkies  oi  Jupiter.  There  is 
nothing  that  betldr  ihews  the  admirable  Harmony  ^  the  pa^icular  Syflems 
with  the  great  Sjfiem  of  the  World. 

The  antient  Aftronomers  having  tranflated  the  Names  ©f  their  Heroes 
among  the  Stars,  whofe  Names  have  continued  down  to  us  unchattiged,  not- 
withftanding  the  Endeavour  of  the  following  Ages  to  alter  them ;  and  Gali^ 
leo  after  their  Example,  having  honoured  the  Haufe  of  the  Medici  with  the 
Difcovery  of  the  Satellites  of  Jupiter^  made  by  him  under  the  Proteflion  of 
Cofimts  II.  (which  Stars  will  be  always  known  by  the  Name  of  the  Sidera  Me- 
dicea.)  Wherefore  the  Difcovcrer  concludes  that  the  Satellites  of  Saturn^  be- 
ing much  more  exalted  and  more  difficult  to  difcover,  are  not  unworthy  to 
b^  the  Name  of  Louis  Le  Grand^  under  whofe  Reign,  and  in  whofe  Objer- 
vatory  the  fame  have  been  detefted ;  which  therefore  he  calls  Sidera  Lodeicea^ 
not  doubting  but  to  have  perpetuated  the  Name  of  that  King,  by  a  Monu- 
ment much  more  lafting  than  thofe  of  Brafs  and  Marble,  which  (hall  be  eredt- 
cd  to  his  Memory. 

LXXXI.  The  Fourth  or  Penextime  Satellite  of  Saturn^  firft  difcoverM  ^Y  ^^^^"^^^ 
M.  Huygens  1655, 1  have  of  late  frequently  obferv'd  with  a  24  Foot  lelefcope:  fi.bS  &tdUw 
And  I  perceived  that  M.  i/iir)jj^j*s  Numbers  were  confiderably  run  out,  and  «/-aturnci)rrrflf. 
about  15''  in  20  Years  two  fwift  j  this  made  me  refolve  more  nicely  to  enquire  HaUqJ.  n.  145. 
into  it*s  Period^  and  accordingly  I  waited  till  I  had  gotten  a  competent  Num-  J^ «»•  A^*r.  ab. 
bcr  of  Obfervations,  the  moft  conliderable  whereof  are  thefe.  *   ** 

1612.  Nov.  13.  13'  00' p.  m.  the  Satellite  appeared  on  the  North  fide  of 
«S  fimj  and  a  Perpendicular  let  fall  from  it  on  the  tranfvferfe  Diameter  of  the 
B  }gy  fell  upon  the  middle  of  the  dark  Space  of  the  following  Anff  •,  and  the 
i^  ic  Night  19*"  00',  it  had  paft  the  Conjun6tion,  and  the  Perpendicular  fell 
a  idily  on  the  Wcftcrn  Edge  of  the  Globe  of  Saturn  :  the  Northern  Latitude 
ai  1  Retrograde  Motion  made  it  evident,  that  the  Satellite  was  then  in  Pe- 
ri ^. 

B  b  b  2  Again, 
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'  Again,  t^cv.  2i.  \&  15',  this  SateUite  diSaium  y^m  on  his  SoiKh-fide ;  the 
Perpendicular  on  the  Line  of  the  Anfie  fell  on  the  Middle  of  the  dark  Space 
of  the  Weftcm  Jinfe^  and  the  fame  Night  19''  00',  the  Pcrpendicuhr  feB 

{)recifely  on  the  Center  of  Saturn^  and  the  Dift^ice  therefrom  was  fomewhat 
efs  than  one  Diameter  of  the  B^g.    By  this  it  was  evident  that  the  Satellite 
was  in  Apogao. 

I  obferved  it  in  ApogM  again  on  the  i^tb  oSJan.  1683.  at  8"*  00'  p.m.  the 
Perpendicular  on  the  Line  of  the  Anfie  fell  cxadtly  on  the  Weftem  Limb  of 
the  Glabe  of  Saturn^  and  at  9^  30',  p.  m.  the  faid  Perpendicular  fell  within  the 
Glaie  more  than  half  way  to  the  Center j  and  the  Diftance  from  the  Line  <^ 
the  Anfie  towarfs  the  South,  feemed  much  about  one  Diameter  of  the  Ring. 

Laftly,  Fei.  9.  1683.  8**  io%  p.  m.  it  was  again  in  Afogm^  and  I  could  by 
no  means  difcem  towards  which  fide  it  inclined  moft,  nor  whjether  the  Tranf- 
Terfe  Diameter  of  the  Ritig^  or  the  Diftance  of  the  Satellite  therefixim,  wa« 
the  greater  i  fo  that  at  that  time  it  was  precifdy  Apogiton. 

To  compare  with  thefe,  I  chofe  two  out  of  thofe  o£  HtffgenSj  which  feemed 
the  moft  to  be  confided  in  ;  the  lirft  made  1659.  March  14.  j^.  n.  12*"  00'  at 
the  Hague  ;  when  the  Satellite  appeared  about  one  Diameter  of  the  Ring  un- 
der Saturn  ;  but  it  was  gone  fo  far  to  the  Weftward,  that  he  concluded,  that 
about  4  Hours  before,  or  7^  40'  at  London^  it  had  been  in  Perig^o. 

Again,  March  '22.  1659.  lo*"  45',  the  Satellite  was  a  whole  Diameter  above 
the  Line  of  the  Anfie^  and  the  Perpendicular  thereon  fell  nearly  upon  the 
Extremity  of  the  Eaftem  Anfig, 

By  the  Firft  of  my  Obf^vations  it  appears  that  the  Satellite  was  in  Perigao 
1682.  Nov.  13.  17*  00',  circiteTj  at  which  time  Saturn  was  30*  29**  39'  from 
the  firft  Star  of  Aries  in  the  Ecliptick^  but  the  Earth  reduced  to  Saiumls 
EquinoSiali  and  the  Satellite  was  9*  23*"  46',  a  i*  ^  y*.  And  March  4.  1659. 
7^  40',  Saturn*^  Place  in  the  Ecliptic  was  6'  o"*  41' >  but  the  Earth  reducol, 
and  confequently  the  Satellite^  in  ii'  28**  r8',  a  Prima  Stella  Arietis.  The 
Interval  of  Time  is  8655  Days,  9"*  20'  5  in  which  the  Satellite  had  made  a 
certain  Number  of  Revolutions  to  the  Fix'd  Stars,  and  bcfides  9*  25*  28', 
or  205  Degrees  28',  whofe  Complement  to  a  Circle  64*  32'  is  2  Days  20^ 
Z&  Motion  of  the  Satellite ^  according  to  Hwfgens.  So  that  8655  Days  5*  56', 
or  12467846  Minutes  of  Time,  is  the  Time  of  fome  Number  of  intire  Re^ 
volutions;  and  dividing  that  Interval  by  15  Days  22^  ig\  or  22959'  (^^ 
Period  of  Huygem)  the  Quotient  543  Ihews  the  Number  ofilevolutions  •,  and 
again  dividing  12467876  by  543,  the  Quotient  22961  ^\s^min.  or  15  Days, 
J22''  41'  6",  appears  to  be  the  true  Time  of  this  SateUite*^  Period.  Hence  the 
Diurnal  Motion  will  be  22**  34'  38"  i8"%  and  the  Annual,  befides  22  Revo- 
lutions, lo'  20**  43'.  liaving  made  Tables  to  this  Period,  I  found  that  in 
the  Apogaon  Obfervation  of  Ruagens^  the  Satellite  was  above  3  Degrees  fafter 
than  by  my  Calculus^  and  that  in  the  three  other  Obfcrvations  01  my  own, 
being  likewife  in  the  luperior  part,  it  was  2i  Deg.  flower  than  by  the  fame 
Calculation.    Now  'ds  evident,  that  the  Differences  muft  arife  from  fome 

Eccentricity 
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Etantricity  in  the  OrHt  of  diis  Satellite^  and  that  in  Mar.  1650.  the  Jpocrc^ 
flto  (as  I  may  call  it)  was  fomewhere  in  the  Oriental  Semicircle,  and  that  in 
JT0O.  i6S2.  it  was  in  the  Weftem  Semicircle  ;  and  fiippofing  the  Afocronim 
fa^d,  it  muft  neceflarily  be  between  9*  23'  46',  and  ii*  28*  18',  a  i*  *  t, 
that  being  the  common  Fart  between  thofe  two  Semicircles ;  and  becaufe  the 
Difference  was  greater  in  Huj^gm^s  Obfenration  than  in  mine,  'twill  follow  that 
the  Dnea  jiijidum^  cxApecromm^  fhould  be  nearer  to  9*  23*"  46',  than  to  i  r*  28* 
r8'.  I  will  fuppofe  lo^  22*  00'  <J  Prima  SieUa  Ariais^  (which  happens  to  be 
lifo  the  Place  of  Saturn* %  Eqwmx)  and  the  greateft  EnuatioQ  thorn.  2i  De- 
ptees.  Upon  the  Score  of  this  Inequality  the  mean  Motion  of  the  Satellite 
will  be  found  about  a*  4^  flower  in  23^  Years,  or  7  Minutes  in  a  Year> 
whence  I  ftate  the  Annual  Motion  lo*  20"*  36',  above  22  Revolutions,  and 
Ac  corrcft  Epocba  for  the  laft  Day  of  December  1682,  at  Noon  in  the  Meri- 
dian rf  Ijmdon  9'  AO*  15'  i  i*  *  r  ;  from  which  ElemnU  I  compofe  the 
feBowing  Table, 
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T{tb.  oFthe  Mam  Mot,  cT  d>e  SateL  of  Sat.  foottdbyHiffgau,  from  the  6rft  *  r 


Qtirrent 
Tear  of 
Chrift. 


Bp9f»s, 


f 


MemMia. 


McanMit. 


1641 
1661 
1681 
1682 


8  29  17 

10  14  10 

11  99 
10  19  39 


10  2b 
9  It 
8  I 
7  14 


36 

12 

48 
59 


O 
I 
2 

3 


22  35 

7  4 
o  18 


i68j 
1684 
1685 


9  10  15 
8  00  5* 
7  14 


common 
Tear. 


MamMfii 


8 


4   20 

3  16 
2  26 


35 
Ji 

47 
57 


3 

4 

5 
6 


22  5? 

15  »8 
8  2 
o  37 


7a». 

Mard 
April 


o    o 

II     9 

8  12 

7  21 


o 

53 
2 

56 


I  20 

O   II 

II     I 
10  14 


23 

9 

45 

56 


9 
10 

II 

12 


6 

7 
8 

9 


23  12 
15  46 

8   21 

o    55 


M9 
June 
7^ 


6    9 

5  19 
4  6 
3  16 


14 

7 
26 

19 


13 

15 
16 


7  20 
6  16 

5  29 


32 
8 

44 
54 


13 
14 

15 
16 


9 
10 
II 

o 


*3  30 
16    5 

«  39 
I  14 


Sept. 
Omher 
Nov. 
Dec. 


2  26 

I  13 

o  23 

II  lb 


12 

3» 

24 
43 


17 
i8 

19 
20 


4  20 

3  " 
2  I 
I  14 


42 
53 


17 
18 

19 
20 


23  48 

16  23 

8  58 

I  32 


21 
22 

23 
24 

^5 
26 

27 
28 


3 

4 

5 
6 


24    7 

16  42 

9  16 

I  51 


8 

9 
10 


II 
12 

13 
14 


i6| 

7 
18 

19 
20 


21 

22 

23 
24 
25 


o 
I 
2 

3 
4 


5 
6 

7 
8 


10 
It 
12 
13 

»4 


'I 
10 

i5 

»7 
18 


»9 
eo 
21 
22 

23 


In  Leap 


ap-Year  after  February  add 
one  Day,  and  the  Motion  be- 


longing to  it. 


29 
30 
31 
32 


6 

7 
8 

9 


24  25 
17  00 

9  35 
2    9 


9 
10 

II 

o 


24  44 
17  18 

9  5i 
2  28 


26  24 
27 


28 
29 
30 


26 

27 
28 


56 

5? 

46 
42 


39 
35 
32 
28 

24 


21 

17 
'4 
10 

•7 


3 
o 

56 

52 

49 


45 
42 

38 
35 
31 


27 

24 
20 

17 
13 


29 

30 
3t 
3« 
35l  32 


31 
32 
33 
34 


36 

37 

38 

39 
40 

41 
42 
43 
44 
45 

46 

47 
48 

49 
50 

5* 

52 

53 
54 

55 

56 

57 

58 

59 
60 


47 
48 

49 
50 
51 

52 
53 
54 
55 
56 


10 
6 

3 

59 
55 


33  5a 

34  48 

35  45 
3^  4t 

37  38 

38  34 

39  3» 
4X>  27 

41  24 

42  20 

43  »7 

44  13 

45  10 

46  6 

47  3 


56 
52 
49 
45 

42 

38 
35 
31 
*7 


Ihere 
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I  here  lUpp<rfe  the  Unea  A^ilM  fix'd,  as  haying  ho  Argument  from  Ob- 
iervation  to  prove  the  contrary,  though  it  be  very  probable  that  as  the  Apo^ 
gem  of  our  Moan  has  a  Motion  about  the  Earth  in  about  9  Years^  fo  that  of 
Ais  Satellite  ought  to  have  about  ^ia/«r»,  but  with  a  much  longer  Period, 
which  future  Obfervation  may  difcover. 

The  Diftance  of  this  Satellite  from  the  Center  of  Saturn  feems  to  be  much 
about  4  Diameters  of  the  ifc'»f  ,  or  9  of  the  Globe,  and  the  Plane  wherein  it 
moves,  very  little  or  nothing  differing  from  that  of  the  Ring^  that  is  to  fay, 
iaterfefting  the  Orb  of  Saturn  4*  22%  and  lo*  22"  a  i*  *  r*  with  an  Angle 
of  23i  Degrees,  fo  as  to  be  nearly  parallel  to  the  EartH's  Equator ;  whence 
the  Latitude  of  the  Apogam  Semicircle  from  4*  22**  to  10'  22*  of  Saturn's  Lon^ 
gitude  from  the  firft  Star  of  v,  will  be  Northern,  and  of  the  other  Semicircle 
Southern ;  and  the  contrary  in  the  other  half  of  Saturn's  Longitude^  to  wit, 
from  lo*  22*  to  4*  22**  of  his  diftance  from  the  firft  Star  of  y\ 

It  follows  now  to  ihew  how  by  the  help  of  this  Table  to  compute  the  place 
of  this  Satellite^  to  any  Time  required. 

Firft  we  muft  have  the  true  Ijongitude  of  Saturn  from  the  Earth,  and  num- 
bred  fi-om  the  firft  Star  of  T,  (or  rather  the  Place  of  the  Earth  viewed  from 
iatnm,  together  with  its  Latitude  from  the  Orb  of  Saturn  \  but  that  being 
oetrer  fully  i  of  a  Degree  we  negled:  it  as  a  Nicety)  and  therefrom  fubtraft 
itf  22%  there  remains  the  Diftance  of  Saturn  from  this  EquinoStial  Point, 
with  which  Diftance  with  the  Lmgitude  of  the  Sun,  take  out  the  Right  Afcen^ 
fm  and  'Declination  thereto  {i%\  Degrees  being  the  Obliquity  coiAmon  to 
both)  and  to  the  Right  AJcenfion  adding  10'  22%  the  Sum  fhall  be  the  Lon- 
fUude  of  the  Satellite's  Apogaon.  Then  fay,  as  Radius  to  Sine  of  the  Declir 
nation,  fo  8  to  the  greateft  Latitude  in  Apogao,  or  Perig^eo  in  the  parts  of  the 
Semidiameter  of  the  Ring. 

Next  coUeft  the  Mddle  Motion  of  the  Satellite,  and  from  it  fubtraft  lO*  22% 
the  Remainder  ftiall  be  the  mean  Anomaly,  with  which  in  the  Table  of  the 
Moon'^s  primary  Equation,  take  out  the  Equation  anfwering  thereto^  and  the 
half  thereof  added  or  fubtrafted  to  or  from  the  Middle  Motion,  according  to 
the  Table,  gives  the  true  Motion  of  the  Satellite  ;  fi-om  which  fubtraft  the 
Apogaon,  and  if  the  Remainder  be  more  than  6  Signs,  the  Satellite  is  Occiden- 
tal, if  lefs.  Oriental  -,  and  as  Radius  to  Sine  of  the  Remainder,  fo  8  to  the 
Semidiameters  of  the  /?/>f,  or  18  to  the  Semidiameters  of  the  Globe,  that  the 
Sattllite  is  to  the  Eaftward  or  Weft  ward  of  the  Center  of  Saturn,  according  to 
the  foregoing  Precept.  * 

Laftly,  as  Radius  to  Cofine  of  the  faid  Remainder,  fo  is  Ae  greateft  Ltti- 
tude  from  the  line  of  the  An/a,  to  the  Latitude  fought. 

ricrc  note,  that  I  purpofely  negleft  the  Inequality  of  the  Diftance  arifuig 
J    m  the  Eccentricity,  as  being  too  fmall  to  be  any  way  obfervable. 

Laftly,  to  clear  all  Difficulties  that  may  arife  to  them  that  are  but  little 
"^  fed  in  this  fort  of  Calculation,  I  have  added  an  Example  of  the  Work, 
t    t  what  the  Precept  may  fcem  obfcure  it  may  be  thereby  illuftrated. 

1  An. 
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An.  1657.  May  9./.  ».  M.  Uvjgens  obfenrcd  the  SateBifi  vcxy  near  &tf«nr 
on  the  Weftern  Side,  and  very  little  above  the  Line  of  the  J»fa.  1  fuppole 
this  about  lo*"  p,  m.    Let  us  now  calculate  to  that  time. 


1657,  May  9*  9**  10',  at  Lxmdm. 
The  Place  of  Saturn  28**  5/ 

5^1/.  from  firft  Sur  of -^nVj  5*   o    32 
Equinoa.  fubtraft.  10  22    00 


Saturn  from  the  Equinox 
Right  Afcenfion 

Apogaon 
Declination  South. 


6 
6 


8 
7 


3^ 

50 


4  29    50 
3    23 


Mean  Mption  of  the  Satel. 

•    0      ' 

1 64 1 

8  29  17 

16 

5  29  54 

Afoy 

6    9   14 

/, 

0  23  12 

9'' 40' 

095 

Mean  Long,  of  the  Satellite    4  10  42 
Apocronion  10  22  00 


Mean  Anomaly 
Equation  fubtraft. 


5  18  42 


o  31 


True  Long,  of  the  Satellite    410x1 
Apogaon  4  29  50 


Remainder  11   10  21 

That  is,  before  the  ^gaon    o  19  39 


Therefore  it  is  2tV  Semidiameters  of  the  Ring,  and  A  to  the  North,  agree- 
ing exactly  with  the  Defcription  and  Figure  of  M.  Hwfgens.     . 

1  here  call  the  Plane  of  this  Saieltite*%  Orb,  which  hitherto  I  fuppofe  the 
fame  with  that  of  the  Ring^  Saturn* &  EquinoStid  \  not  that  any  Difcovery  hath 
been  able  to  prove  that  the  Axis  of  thi:  Globe  is  at  right  Angles  thereto,  but 
becaufe  it  hath  pleafed  M.  Hufgens  to  call  it  fo,  and  likewife  becaufe  it  is  (b 
nearly  parallel  to  our  Globe* ^  Eguinoilial ;  neverthelefs,  to  fpeak  my  Opinion^ 
I  believe  that  the  Axis  is  inclined,  and  that  not  a  little,  to  the  Plane  of  the 
Ring  :  for  as  the  Refledtion  of  the  Sun*s  light  from  the  Ring  is  a  great  Con* 
venience  to  that  Hemifpliere  of  Saturn^  which  beholds  its  illuminate  Side  ; 
fo  the  other  Hemifphere  is  very  much  incommoded  by  the  Shadow  of  the 
Ri^i  which  for  many  Months,  and  in  foftie  Parallels  for  feveral  Years,  occa- 
(ions  a  continual  Night  by  the  Interception  of  the  Sun*s  Beams,  which  is  a 
Confequence  that  demonftratively  follows  the  Pofition  of  the  Ring^  in  the 
Plane  of  Saturn^s  Equator.  Now  this  great  Inconvenience  would  be  in  fome 
meafure  r^ieved  by  the  oblique  Pofition  of  the  Axis  ;  for  then  the  Parallels  of 
Latitude  intecfefting  the  Plane  of  the  RJngj  many,  and  in  mod  cafes  all  of 
them,  might  for  fbme  time  in  every  diurnal  Revolution  of  the  Globe,  free 
themielves  from  this  EcUffCy  which  otherwife  were  fufficient  to  render  this 
Globe  of  Saturn  unfit  for  any  fettled  Habitation ;  but  this  is  but  Conje£hire. 

The 
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The  other  two  Satellites  of  Saturn  difcovered  by  S.  Caffini  at  Paris^  An. 
1672.  and  1673.  I  muft  confers  I  cotild  never  yet  fee  ;  I.  have  been  told  that 
they  difappear  fpr  about  3^  of  Saturifs  Revolution,  and  were  oAly  to  be^  feen 
when  the  Anfe^Rcrt  very  fmall,  it  being  fuppofedjthat  the  LigW  whichjpro- 
cecds  from  thtAnfttj  when  confider4bly  opened,  might  hide  tKt&^atemes. 

'    LXXXII.  I.  The  Diftance  of  the  firft  Satellite  from  the  Gertter'^5djf«r«,  r^The^tfthe 
appears  to  me  to  be  variable,  and  it4  Motion  is  lenribly  uneqiijalv-ftriffier  at  ssawUitesi/sa- 


Duration  of  its  Conj w<9:ion  .wkb  &^»,  that- issta  fay,  •  all  the  ITime  it  lakes 
;up,in  paffing  through  the  Ring,  wbuld;be  7^4^.  \  It|:appear'd  greater  t^  me 
jby, immediate  ObfervatJons  \ .  but  it:i^  to  'be  abferVcdi.  that  ai  yet  I  hav*  not 
J)ceii*able  to  fee  this  Satellite  ne^ter^jtcl  Saturn  than  ajqijarter  part  pf  an  Af^a. 
I  J^Jxave.  calculated  ihe  Epoqueof  itk  Motion^  for  th^  laft  oi  December  1)^85, 
kt  Noon,  at  the  Meridian  of  Paris^  to  be  in  yr  24^  50^.  ;  {      * 

!  The  Diftaflccof  ?hei  fecond  SatsclHtq  from  the  Cei^p;  oiSaturii  jias^  fcemfd  to 
ine  to  be  more  uniform.  I  have  <letermtnied  it  to  b«  siii  Diameter  of  the  4^ng. 
Sits  Motion  alfo  feems  to  he  more  eojual.  I  have  €a|cuTated  the  daily  Motion, 
anff  finH  it  4* :  1 1*  3 1'  30''.  Thcremrfe  the  Dupationi  of  its  Coixjujidtion  ftibuld 
be  8*^  36'.  Nw  have  I  yet  b^w  able  to  fee  this  S^elUte  nearer  the  Rii^g  of 
Saturn  than  ^  of  an  Anfa^  As  ^tfeis  Satellite  was  fee^  for  the  creatcft  pa^  of 
its  Time,  within  tKe  Confines  of  the  Diftance  of  thcfirft,  to  w*irfi-it4s  equal 
b  Magnitude,  and  like  to  it  in  Colour ;  the  Dtfikruity  to  diftingijifh  one  from 
(the  other  wasirery  greats  fo  that  witjiout  a  conftant  Application  toObfdrva- 
tions,  and  a  great  Multitude pfCombmations,  I, coma  by  x^  means  per- 
jfor9i  it-  '  .  ^  .  :  |  1  ,   '  "* 

!  I  have  deter^ii(i*d  the  Epoque  of  this  Satellite,  for  the  31ft  of  December 
16^5,  at  Nodn^  to  be^^ij  o*  lo'. 

:   Tlie  Diftaii:e  of  the  Third  from  the  Center  ^f  Satam  feems  to  be  i^  Dia- 
pieters  of  die  !Ring,    Jts  daily  Motion  is  2'  1 8*  41^  50"^     Therefore  its  Con- 
junction muft  continue  10  Hours.    The  Epoque  of  its  Motion  for  the  laft  * 
Pay  of  the  Y^r  1685  at  Noon  is  ^.  9*  39'. 

'.  The  DiftaiKe  of  thQ  fourth  Satellite  from  the  Center  of  Saturn  feems  to  be 
4  Diameters  of  the  Ring.  Its  daily  Motion  is  22*  34'  38/'  The  Duration 
pf  its  Conjundion  is  15'*.  6'.  The  t^xxjue  of  its  Motion  in  the  fame  Time 
^d  Place  as  the  .others,  in  H  16?  19',  On  thefe  Principles  Tables  *and 
^phemeris's  may  be  cpnftrufted; 

:    2.  The  following  Tables  are  calculated  from  thcfe  Elements,  and  reduced  Sr i^. 

:  ig  the  Meridian  of  J>»^».     -      -  P'^oo, 

j  Vol. J.         '      .    .  ;'  <      •    Ccc  .    .     '  Table 
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A  Tabic  of  the  Mean  Motion  of  the  inmoft  SatelKte  of  Satun$^  dircover*d 

by  Mr.  CaJjUniy  An.  168.6. 


Current 

Tear  of 
Chrift, 

E^oques. 

1 

• 

MemMot. 
•     0     * 

i 

MeanMat. 
»     •    -/ 

1 

MeanMot 
0    /- 

f 

MeanMoi. 
0      / 

1681 
1685 
1686 
1687 

f».  19  34 
w  JO  30 

«   13     4 

«l  15  37 

.1 

2 

3 

4 

4     2  34 

8    5    7 

0    7  41 

ro  20  $6 

1 
2 

3 

4 

6  10  42 

0  21  23 
725 

1  12  46 

I 

2 

3 
4 

0-  7  57 
0  15  53 
0  23  50 

0  31  47 

3» 
32 
33 

34 

4    6 
4  14 
4  22 
4  30 

1688' 

1689 

1701 

W  18  II 

t    1  z6 
Q    4  14 

I 

2  23  30 

6  s6    4 

10  28  38 

9  "  52 

i 

7 
8 

7  23  28 
249 

8  14  15 
2  25  32 

5 
6 

0  39  44 
047  40 

0  54  Z7 

1  3  S4 

438 
446 

4  54 

5  2 

Months 

common 

Tear, 

MumMiH. 

•    0    1 

9 

lO 

11 

12 

I  14  26 

5  17  «> 
9  X9  34 
8    2  48 

9 
10 

II 

12 

9    5  '^ 

3  «o  55 
9  27  36 

4  8  18 

9 
10 

II 

12 

I  II  31 
I  19  28 
I  27  24 
I  35  21 

39 
40 

41 

42 

5  10 

•  5  26 
5  34 

Jan. 
Feb. 
Mtrck 

000 
5    «  *7 

3    0  49 
8    a  16 

«3 

0    5  22 

4    7  56 
8  xo  29 
6  23  43 

»3 

«4 

10  19  00 

4  29  42 

11  10  23 

5  21    4 

«3 
14 
15 
16 

I  43  18 

I  5»  15 
1  59  " 
278 

43 
44 
45 
46 

5  42 

5  50 

6  5 

June 
J^if 

6^3    a 
II  24  29 
10  15  15 

3  16  42 

'7 
18 

19 

20 

10,26  17 
2  28  51 

7    «  25 
5  14  39 

17 
18 

19 
20 

0    I  46 

6  12  28 
0  23    9 

7  3  50 

'9 

20 

^^5    5 
2  23    I 

2  3058 

*  38  55 

47 
48 

♦9 
50 

6  13 

6  21 

6  29 
6  37 

Sept. 
O&ober 
Nov. 
Ikemh. 

8  18    9 

7    854 

0  10  21 

II     I    7 

; 

21 

22 

23 

24 

I  14  32 

7  25  13 

*    5  55 

8  16  36 

21 

22 

23 
24 

2  46  54 

2  54  49 

3  *  45 
3  JO  42 

5« 
52 

53 
54 

;    645 
^  53 
7     I 
7    9 

* 

25 
26 

27 
28 

2  27    18 

9    7  59 

3  18  41 
9  29  24 

25 
26 

28 

3  '8  39 
3  26  35 
3  34  32 
Sn  42  28 

55 
56 
57 

7  '7 
7  25 
7  33 
7  41 

In  Leap-Year  after  Fehruary  add 
one  Day,  and  the  Motioa  be- 
lon^ng  tait. 

29 
30 

4  10    3 
10  20  45 

29 

30 

♦3  50  25 
3  58  22 

k 

749 
7  57 

• 

1 

■ 

"ATabI 

llB 
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A  Table  of  the  Mean  Modon  of  Satftn^s  Satellite  iSa  inmoftbuc  one,  dU^ 
cover'd  by  Mr.  C#«,  ^a.  i6Z6. 


Current 

Tear  ef 

Chrift 


1681 
1685 
1686 
1687 


1688 
1689 
1701 


Mimtk 


Tmt, 


JtM. 

Mareb. 
dfril 


Mof- 
Jime 


Sept. 

Nov. 
Dec. 


EpofUes. 

t        o  '   r 


X  20  4 
^   28  42 
«'    5  20 

m  II  57 


w  18 

«     6  44 
SSf     o  48 


35   5 


MianMot 


o    o 

3  27  16 

6  ^9  58 

ID  17  15 


10  3  o 
2  o  16 
I  16  I 
5  13  18 


9  10 
8  a6  I 
o  83  36 
o    9  21 


K^  Mt^Mot. 


!' 


9 
10 
II 

m 


15 


17 
18 

19 


3420I0 


4  6  37 

8  13  15 
o  19  5* 

9  S     1 


14  39 
21  16 

*7  54 
16    3 


10 

2 

7 
3 


22  40 

29  j8 

5  5j( 
24    4 


00  4& 

7  19 

>3  57 

2    6 


8  43 
15  *i 
21  58 
10    7 


In  Le^-Ycar  after  R^tfoy  add 
one  I>ay,  and  die  Motion  be- 
bn^ng  to  it. 


? 


9 
10 

II 

^2 


21 
22 

23 
24 


25 

26 


28 


29 

30 


MeanMot. 


o-    '  / 


II  31 

23    3 

4  34 
16    6 


9 

2 

6 
II 


»7  37 
9    9 

20  40 
2    12 


13  43 

»5  15 

646 

18  18 


I 

5 
10 


2949 
II  21 

22  52 

4  H 


?t! 


6 

7 
8 

10 


II 

13 

14 
15 


2 
6 

>9|ii 

20    3 


15  55 
27  27 

8  58 
20  30 


16 
19 

20 


8 
o 

4 
9 


2     I 

13  33 

25    4 

6  36 


1  18  07 

5  29  39 
27|io  II  10 

2  22   42 


7     4  13 

"  «5l45 

— . 1 — 

I 


21 

22 

23 
24 

25 


26 

27 
28 
29 

30 


MeanMot, 
Sex. 


O  5  2g 
6  lO  58 
O  16  26 
o  21  55 
o  27  24 


P  31  53 

O   38    22 

o  43  51 
o  49  19 

o  54  48 


I  00  17 

I  5  46 
I  11' 15 
I  16  44 

I    22    12 


I  27  42 

>  33  " 

'  38  39 

I  44    8 

I  49  37 


«  5$    6 
2  00  34 

263 

2  II  31 

2  17  00 


22   29 
27   58 

33  26 
38  55 
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<>f  the  Meatt  Motion  of  the  middfemoft  Satellite  of  Saturn  dtfcrw 
vp'd  by  C(#«/,  An.  1686.  >      ^^ 
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A  Table  of  the  Mein  Motion  of  Saturn^  s  Satellite  Ae  outtnoft  but  one, 
difcover^d  by  Hicfgensy  An.  1673. 
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hath  th^oQC  ded^^ed  the  Motion  of  Jupifer  aboot  his  /4f/j and  that  }i/L'C4ffhi 

dt  firft  oppofed  it :  Bui  that  Spot  was  obfervedin  England  a  good  while  before. 

By  M.  caflini.  '     4.  There  are  two  Sorts  of  Spots  at  certain  times  to  be  Sttn  in  the  Dilk  of 

loVipt^nisslJ^^^^^^^-  '^"^  ^^^^  ^^^  nothing  but  the  Shadows  of  his  Satellites.;  :but  die 

f  .6S7.  n.Si!  p.  other  have  fome  refemblance.to  thofe  that  arc  feen  in  the  Moon  \  and  they  are 

4039-  perhaps  of  the  fame  Nature  with  thofe  that  are  called  Belts.    They  move 

from  the  Eaftern  to  the  Weftern  Limb ;   their  apparent  Motion  is  unequal, 

and  fwifter  near  the  Center  than  the  Circumference  ;  and  they  never  are  fo 

well  as  when  they  approach  to  the  Center,  they  being  very  narrow  and  almoft 

imperceptible  when  they,  approach  to  the  Circumference  ;    which  makes  us 

believe,  that  theyare  fl^t  and  fuperficial  to  Jupiter. 

Among  thefe  Spts  there  is  none  fo  fenfible,  as  that  which  is  fituated  in  the 
Northern-part  of  the  Southern-Belt.  Its  Diameter  is  about  the  tenth  part  of 
that  of  Jupiter  ;  and  at  the  Time  that  its  Center  is  ncareft  to  that  of  Jupiter^ 
it  is  diftant  from  it  about  the  third  part  of  the  Semidiameiser  of  that  Planet. 

M.  Caffini\  afiii  he  had  made  many  Obfervations^  of -this  Sfot  durins  the 

Summer  of  the  Year  1665^  found,  that  the  Period  of  its  apparent  Revwuim 

^  of  9-  56'.    He  continued  to  obferve  jt  till  the  Beginning  of  i666,  when 

Jupiter  approach'd  to  the  Beams  of  the  Sun  \  but  after-  he  was  got  ifree  of 

the  Sun-Beams^  it  was  difficult  to  be  difcern*d.     This  giving  grounds- to  dunk 

'  \  that  it  might  be  of  the  Nature  of  xht  Spots  of  the  Sun^   (which  after  appear- 

•     *  .  ing  for  a  while,  difapjje^  for  ever)  M.  Cajfmi  ceafcd  at  length  to  oofcrvc 

•— '  -'  them.'  '      '••  ••  -'■         •^^'     '  ^ 

But-'7<'^»i  -19.  1672.'  (/.  n.)  when  he  obfervM  Jupiter^  at  4  ^h,  in  the 
Morning,^  he  perceived.  it\  the  fame  Place  of  his  Difk  the  Figure  of  the  fame 
Spot^  adhering  to  the  feme  Southern- Belt.  It  was  already  gone  beyond  the 
Moiety 'of  thS  Beltj  ahd  'he  law  it  advance  little  by  little  towards  the  Weftcra 
LinofcVto' which  it  fcemeki  to  be  very  near  at  6^^. 

By  the  Celerity  of  it5  Motion  near  the  Center,  and  by  the  Place  where  he 
had  bd^un'to  fceiti  hfe  judged  that  it  might  have  been  in. the  midft  of  the  Belt 
at  4*"  35"  in  thd  Morning.  And  as  he  prepared  himfelf  to  make  Ephemqide^ 
of  its^  Motion  for  that  Tear  1672,  he  perceived  that  in  thofe  he  made  for  the 
Year  1666,  this  Spot  had  been  in  the  niidtt  of  Jupiter  the  fame  Day,  namely 
the  19th  of  January  at  the  fame  Hour.  So  that  in  fix  Years,  of  which  one  is 
a  Bijfextile^  it  is  found  to  have .  made,  in  refpeft  of  the  Earthy  at  leaft  5294 
Revolutions,  each  of  9^  55'  85'',  comp^nfating  one  Revolution  by  anodier  ^ 
and  at  nittft  52^^-  Revolutions  of  9"*  55'  5 1" ;  forafmuch  as  he  was  afliired  of 
the  Precifcnefs  of  one  Mean  Revolution  to  one  eighth  of  a  Minute. 

Until  then  he  had  never  feen  an  immediate  Return  of  this  Spot  after  9 
Hours  and  56  Minutes  ;  becaufe  it  had  not  happened,  that  Jupiter  after  tht 
Apparition  of  the  Spot  had  flayed,  in  one  and  the  fame  Night,  long  enough 
aoove  the  Horizon,  at  leaft  a  fufficient  Height,  to  obferve  him  with  due  Dif- 
tin&nefs.  He  had  only  concluded  the  Time  of  this  Revolution  by  Returns 
obferved  after  about  2o»  30,  and  50  Hours  5  and  he  had  more  preciiHy 
limited  it-  by  Obfervations  more  diftant.  But  the  Night  after  March  i,  at 
7i>>  in  the  Evening,  he  faw  this  Spotnti  the  midft  of  tli^  Belt  1   and  the  fame 

Night 
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Ni^t  at  5^  26',  in  the  Morning,  he  faw  it  again  returned  precifely  to  the 
iape  Place.  Mar.  3.  He  together  with  M.  Buot  and  M.  Mariotte^  began  to 
fee  at  8^  4'  the  5^/ already  fomewhat  removed  from  the  Oriental  Lirnb^  but 
yet-obfcufe  and  fi»aUv  •  At  8*"  47'»*they  faw  it  very  diftinftly  advancing  to- 
wards the  middle  of  the  Belt.  At  9**  15'  40'',  until  9**  8',  they  faw  it  in  the 
midft  of  the  Belt.  At  9^  15',  it  was  paft  the  middle,  and  was  come  nearer  to 
the  Occidental  Limb.  And  a  little  after  the  Heavens  being  over-caft,  he 
could  obferve  it  no  further. 

LXXXV.  I.  Jn.\6yi.  Feb.  16.  7*  44-}-.    The  Altitude  oi  Jupiter  was  i8*  w-rM«f  jopitw 
10'.  I  meafured  with  a  long  Tube  its  Diftance  from  a  fix'd  Star  of  the  fourth  FiSSilJi^r^''' 
Magnitude,  and  found  it  16' 33",     The  Latitude  of  this  Star  was   i*  40' Derby,  n.  81.  r. 
northerly.    Its  Place  according  to  me  was  W  10**  7'  16"  :    ^ut  according  to^**^^' 
Street  it  was  14'*  3'  54''.     The  Difference  of  the  Altitudes  oif  the  Cdnters  of 
Jttpiter  and  the  fix'd  Ster  was  1'  i'\  ,  .        . 

17  Feb.  f"  25'.  After  Noon,,  the  Altitude  of  Jupiter  being  15*  54',  he  was 
diftant  from  the  fix*d  Star  21'  50" ;  the  Difference  of  Altitudes  was  8'  40''- 

18  Feb.  f  o\  The  Diftance  of  the  fix'd  Star  from  the  Center  of  Jupiter 
was  !28'  ^5^  The  Difference  of  Altitudes  was  about  15'  29".  In  each  Ob- 
fenration  the  Planet  was  higher  than  the  fix'd  Star,  from  whence  i^  always 
ftood  towards  the  Meridian.  •         1 

Hence  making  a  Calculation  for  every  Day  and  Hour  of  the  Obfervations  \ 
I  found  


The.  Longitude  c£ Jupiter  from  the  fix'd 
Star  in  Antecedentia 


Latitude  from  it  towards  the  South  * 
Therefore  Jupiter^s  Northern  Lat.  was 
Its  true  place  in  Virgo  according  to  me- 
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2.  March  15  in  the  Evening,  I  undertook  to  obferve  the  Diftances  and 
Pofitions  of  Jupiter  from  the  Star  Si  38,  whofe  Latitude  is  i*  2oi  North  ;  its 
Place  according  to  Street  ^  9°  54'  o"  ;  but  according  to  me  is  «!?  q'  57'  20". 
At  /  25'  afternoon,  the  Altitude  of  Jupiter  was  32°  52'.  The  Diftance  of 
its  Center  from  the  fix'd  Star  was  33°  50'  The  Difference  of  Altitudes  was 
about  20'  2'. 

March  16.  At  7"  S'.  The  Altitude  of  the  fix'd  Star  being  36°,  the  Dif- 
tai  ce  of  Jupiter  from  it  was  27'  7".    The  lefTer  Altitude  16'  3". 

\danb  19,  at  6*  45',  the  Altitude  of  Jupiter  was  29*  35'.  The  fix'd  Star 
w;  s  2'  24"  higher  than  the  Planet  i  from  which  at  6''  /;5',  its  Diftance  was 
ic    21". 

At  7'>  11',  the  fourth  Satellite  was  diftant  7'  28"  from  the  fix'd  Star.  Tho* 
tE  r  Planet  always  appcar'd  to  be  higher  than  the  fix'd  Star,  yet  it  was  really 
lover  i  afterwards  it  fcem'd  to  be  lower,  but  was  really  higher. 

Vol.  I.  D  d  d  March 
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'  March  20.  The  Micrometer  beirig,  better  adapted  to  the  takide  of  de 
Differences  of  Altitudes,  I  made  the  following  Obfervations,  which  I  take  to 
be  very  exaft. 
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For  pbtainijig  the  Place  of  Ji^iier  from  thcfe  Obfervations,  I  computed 
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59  3 1  24  Dift,  of  the  Center  of  %  from  the  fix*d  Star 

9      7  30  30  The  DifG^nce  of  Azimuths — 

9    1629  s  3  The  fame  Difference  again 

9    23  28  loJDift.  of  the  Center  of  ^^ier  from  the  Star 
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This  and  the  foregoing  Night  Jupiter  was  in  confequence  of  the  fix'd 
Star,  but  always  before  in  Antecedence. • 


Thofe  Obfervations  which  are  mark'd  with  an  Afterifk  I  look  upon  as  the 
m/oft  cortain.  I  imagine  the  Difierences  of  Azimuths,  which  were  obferred 
on  the  27  and  28  Days,  were  taken  rather  too  fmali,  becaufe.of  ^  Aiakiiig  of 
the  Tube  *,  theretore^uice  I  could  nol  meafure  them  as  accurately  as  I  defired, 
1  took  care  not  to  take  them  too  large. 

To  obtain  Jupiter's  Place  from  three  Obfervations,  I  have  computed 


d.    h.    '  d.    h.    ' 
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26    0    027    9    7 

28      9    !§ 

The  paralkftical  Angles,  or  of  the  vertical 

0       /   // 

0      /     // 

0              '             // 

Qrt              4t-T,^^ 

^A          Jl  /V       ^^^ 

78    Jf- 
063- 

The  obferved  Dift.  of  lup.  from  the  fix'd  Star 

tjo    47 — 
9     10  4 

79  49  — 
002 

The  Difference  of  AUtitudes    —     —     — 

0    6  30 

Azy.i  52 

Azy.3    30  ■ 

Therefore  the  Angle  of  Pofition 

31     I. 

62  38    o'66    3    0 ' 

And  the  Planet  in  Antecedence  of  the  fix'd  Star 

0     8  38 

0     2  5iconf.'2  27  j 

With  leffer  Northern  Latitude    —    —    ~ 

0     5   II 

0    5  i9>    5  32 

Tycbo\  Northern  Latitude  of  the  fix*d  Star 

I   20  S^ 

I  20  30 

I    20'  30  1 

The  Place  of  the  Star  IP  according  to  Street 

9  54    9 

9  54    9 

9  54    9  ! 

according  to  me 

9  57  30 

9  57  30 

9  57  30 

Therefore  Jupiter's  Place  according  to  Street 

9  45  3i 

9  51  18 

9  5^.3^  ■ 

according  to  me 

9  48  52 

9  54  29 

9  59  57 

With  Northern  Latitude     —     —    —  '  — '   1    1 5  1 9I 

I    »5   II 

,1  '4  ,^8. 
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••»4•^««J$.  $'  ^»'  1673.  Mitrcb  1^.  in  the  Evening.    Jupiter  In  his" JpbeltMf  going 

to  nis  ^cronicalFhaSiSy  having  pafs'd  a  little-  the  Northern  Limit  of  his  Oibat, 
proceeded  retrograde  towards  the  9^1  Star  of  Vi  of  the  fourth  Nfagnitude, 
from  which  (his  Altitude  being  about  6  D^rees)  I  took  the  Diftance  of  his 
remoteft  Limb,  with  a  feven-foot  Tube,  and  TewnUy*s  Micrometer,  4560= 

52'  34". 

March  17.  About  half  an  Hour  after  Jupiter  arofe,  with  the  fame  Tube  I 
again  took  the  Diftance  of  his  remoteft  Limb  from  the  fix'd  Star,  2073= 

••  23'  54'-  • 

March  20.   I  made  the  following  Obfervations  ;   the  firft  with  a  fhorter 

Tube  of  85  Inches,  the  reft  with  a  longer  of  164  Inches. 


LimiCeM. 


Jit.  of 
fixtStar. 
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Hour  by 
CaU. 
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14 
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15 


40 
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16     25 


19     00 


16 


Dift.  of  the  remoter  Limb  of  V  from  the  fixt  Star  850 
The  fame  Diftance  taken  with  the  longer  Tube    1 650  9 
Lower  Lirnb  of  %  more  deprefs'd  than  the  fixt  *   784  4 


23  The  fame  Difference  of  Altitude  repeated 
jThe  Diameter  of  Jupter 


8     26jThe  Diftance  <£  the  Limb  taken  again 
■Once  more        — —       — —        — 
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8    50  Diff.  of  Alt,  of  Jupiter's  Limb  and  the  firt  Star 
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414 
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579  33 
_  549  30 
5  oot4  3< 


March  26.  in  the  Evening.  The  Altitude  of  Jupiter  being  15*  50',  I  mea- 
fured  the  Diftance  of  his  remoter  Limb  from  die  fix'd  Star  with  the  fame 
lefler  Tube,  4205=48'  30'. 

'  For  finding  the  Place  of  the  Planet  from  thefe  Obfervations,  I  made  the 
following  Calculations. 


Mar.h.    h.    ' 
20    8  16 


Tlie  Paralladical  Angle  was—— 

The  Center  of  Jupiter  ^as  diftant  from  the  fix'd  Star 
The  Difference  of  Altitudes  was  — ■■-     — ■  .1 


Therefore  the  Angle  of  Pofition  was 

And  Jt^ter  in  Antecedence  of  the  fix'd  Star 
With  lefler  Latitude  — — ; 
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i"*  45'.    Therefore  according  to  me  the 


According  to  me  the  Place  of  the  fix'^d  Star  was  ^  13"*  37'  1 1"  (taking  the 
annual  Motion  at  50",)  which  the  Author  of  the  Caroline  Tables  t^es  to  be 
13^  33'  47"-     Its  North  Latitude 
\iuc  Place  of  Jupiter  will  be 

8'  16'  rs:  If  35'  33'' 9  its  true  C  !<>  35'  40'% 
8   50   ft  13    35  16  ^Latitude^i    35  42 

At 
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But  if  we  allow  d^  Place  of  the  fix'd  Star  tb  be  a$  by  the  CarcBm 
Tabl^,  the  Place  of  Jnpiter  will  come  out  {&  13**  32'  09". 

Having  thus  the  Place  and  Latitude  of  the  Planet,  we  Ihail  thence  endea.- 
vour  to  derive  the  Inclination  of  Jupiter'%  Orbit  to  the  Plain  of  the  Earth's 
Orbit. 

For  finding  of  wWch  the  Kiutual  Diftances  of  Jupiter  and  the  Earth,  to- 
gether with  the  Place  of  the  Sun,  are  required  ;  which  we  may  fafely  take 
trom  any  approved  Tables.  I  generally  ufe  the  Caroline  Tables,  which  X 
have  found  to  be  more  accurate  and  more  eafy  than  any  others.  From  thefe 
I  have  taken  at  8"*  i&  after  Noon, 

The  true  Place  of  the  Sun r  10'*  40'  18'' 

His  Diftance  from  the  Eardi 100084 

The  Diftance  of  Jupiter  from  the  Sun  —   544921 
from  the  Earth  ■       444952 

Now  in  the  annexed  Figure  let  S  be  the  Sun,  T  the  Earth,  %  the  Planet, 
SE  a  Radius  of  the  Ecliptick  continued  to  the  Orbit  of  Jupiter^  and  the 
Angle  -^f.  T  S  the  Latitude  of  the  Planet  feen  from  the  Earth  i""  35'  407''. 

In  the  Triangle  It  S  T,  having  given  the  Angle  IJ  T  S  the  Complement 
of  the  obferved  Latitude  to  a  Circle,  %  S  and  it  T  the  Diflanc^s  of  the 
Planet  from  the  Sun  and  the  Earth,  being  found  above,  the  Angle  V  S  E 
will  be  had,  the  Latitude  or  Inclination  of  the  Planet  as  feen  from  the  Sun, 

1^  18'   7" 

The  Geocentrick  Place  of  Jupiter  yftzs  ^  ^'s""  35  SS''  Therefore  from  the 
^vcn  Diftances  of  Jupiter  and  the  Earth  from  the  Sun,  the  Heliocentrick 
Place  of  the  Planet  will  be  found  a  13"*  3'  33'^ ;  from  whence  feverally  fub- 
trafling  thofe  Places  of  the  Node,  which  have  been  affumed  by  the  Authors 
mentioned  in  the  following  Table,  the  Arguments  of  Latitude  here  annexed 
will  come  out.  Whence  it  may  be  obferved,  that  none  of  them  makes  Ju- 
piter more  advanced  from  his  Limit  than  6«  29'  59%  or  lefs  than  3**  58'  59" :: 
Which  how  great  foever  the  Difference  may  feem,  in  invefligating  the  great- 
eft  Inclination  of  the  Orbit,  cannot  produce  a  greater  Error  than  23  Seconds. 


*?i  14P. 


Authors. 

Places  of  SI 

Jrguments  ef 
Latitude. 

Kepler. 

Street. 

Wing. 

Ricciolus. 

Caflini. 

BuUialdus. 

s.    »    '     " 

3    6  33  37 
3    6  33  47 

3    7  i»  39 
3    7  18  00 

3    8  45  00 

3     9     4  H 

s.     •  '      " 
3    ^  2g  56 
3    6  29  46 

,3    S  21  54 
3     5  45  33 
,3    4  18  33 

3  d  ^8  59, 

That  Place  of  the  Node  which  Mr.  Cajini  has  made  choice  of,  though  it    r^  t^. 
feems  a  little  more  advanced  than  it  ought,  yet  for  divers  other  Reafons  1  like 
it  beft.     Therefore  in  the  Triangle  %ASij  taking  51  A  the  Argument  of  La- 
utude  94*  18'  33%  and  It  A  the  Inclination  i*  x8'  fi  the  Angle  of  the  In- 

clination 
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dination  of  thettain  ofyupii£r's  Orbit  to  the  Ecliptkk  will  be  found  i  *! 
20'',  which  Kepler  makes  i**  19'  o",  Strm  i*»  20^,  BuUialdus  and  «Pi«g  i^  21*; 
48'' ;  all  of  them  fomething  greater  than  it  fhould  be. 

And  that  the  Inclination  is  fo  much,  at  ieaft  not  greater  dian  this,  not  onhr 
the  Obfervations  of  laft  Night,  but  alfo  thofe  of  the  Months  February^  Marm^ 
and  May  of  laft  Year,  prevail  with  me  to  believe.    Yet  in  the  mean  time  I 
muft  acknowledge,  that  it  may  be  proved  to  be  greater,  that  is,  i»  20^  ao\ 
^imsi.  Nov  '    from  that  Tranfit  of  Jupiter  near  the  8th  of  W,  Mttf  29  and  30  An.  1649,  ob* 
Par.  I  p.  7x0.   ^^^^^  ^^  St.  Julian^  4t  Bologna  and  Majorca^  by  thofe  very  learned  Men  Rk^ 
dolus  and  Mutus.     Which  feems  to  infinuate  to  us,  that  fince  the  Inclinations 
of  the  Orbits  are  eftcem'd  as  invariable  by  all,  there  muft  be  fome  Error  in 
thofe  Latitudes  afligncd  by  Ty^ho  to  fome  of  thefe  fix'd  Stars.     And  this  will 
hinder  us  from  exadly  determining  the  Quantity  of  this  Inclination,  till  thofe 
Latitudes  are  duly  rdtored.    Yet  this  I  dare  affirm,  becauie  thofe  Latitudes 
,     of  the  fix'd  Stars  are  alfo  found  to  be  immutable  ;  that  the  Angle  of  the 
grcateft  Inclination  of  the  Plain  of  Jupiter's  Orbit  to  the  Ecliptick,   is  kill 
than  2&  40"  i  or  than  the  Latitude  of  the  9th  Star  of  ig;  of  the  Fourth  Mag- 
nitude, which  by  Tysho  is  call'd  the  laft  of  the  Four  in  the^left  Wing  of  yhrp. 
Whenever  therefore  this  is  given  correft,   the  Inclination  aforefaid  will  be 
known  aKb. 
7bf  ccrrjuHiffMs      LXXXVI.  Examining  our  antient  Epbemerides  I  do  not  find  that  three  Qnn 
^ji^htl^Aa     P-'^^^^^^  ^^  Saturn  and  Jupiter  have  ever  happened  in  one  Year*s  Space,  Cncc 
1682,  'and  1683.  t;hey  were  firft  in  ufe  to  this  prefeot.     Thofe  erf  Moletius  calculated  from  the 
^AfrPhm-'  A^P^onfinc  Tables  indeed  make  three  in  the  Space  of  eigBt  Months,  betwixt 
ftced, "0.149.   4^g*tfi  1^63,  and  April  1564,  inclufive ;  but  tht  Epbemerides  oi  Stalius  csSt-^ 
'•  ^*^  culated  from  the  Prutenick^  make  only  one,  on  the  26  of  Augufi,  of  which 

Jun£linus  gives  us  the  following  Obfervation  in  the  Preface  to  his  Afirmamicd 
'  "Tabki^  An.  1563  Aug.  24.  14^  36'^.  v%.  On  the  Northern  Side  Jupiter  m  a 
manner  covered  Saturn^  who  was  on  the  Southern  Side;  now  each  of  thefe 
Stars  was  found  to  be  at  the  end  of  the  28th  Degree  of  Cancer.  RicddU 
hence  concludes,  that  the  Planet  %  covered  fome  part  of  Saturn  at  this  Time. 
But  without  Reafon,  for  the  Words  quafi  caoperiehat  intimate  riot  that  the  one 
did  corporally  cover  the  other,  but  rather  that  there  wts  fome  fmall  Interval 
betwixt  them.  The  Caroline  "Tables  make  the  vifible  Latitude  of  Saturn  now, 
11' 45'',  oi  Jupiter  2o'"  10%  both  North-,  the  Conjunflion  being  fome  few 
Days  paft  :  but  becaufe  their  Latitudes  alter  flowly,  we  niay  hence  conclude 
the  Difference  8'  25%  to  have  been  nearly  their  Diftance  at  that  Time.  Thefe 
Tables  being  grounded  on  the  Tycbmick  Obfervations,  made  within  lefs  than 
40  Years  after,  and  fhewing  the  Latitudes  of  the  Planets  {well  at  this  Time 
near  locj  Years  later,  we  may  conclude  to  have  anfwer'd  them  as  well  then  ; 
and  if  we  confider  how  fmall  a  Space  tlie  Diftance  of  87  iMinutes  appears  to 
the  naked  Eye  in  the  Heavens^  efpedally  betwijct  two  fuCh  bright  Planets  as 
Saturn  and  Jupiter  are,  that  the  Car^lkts  Diftance  agrees  very  well  wth  the 
Words  olJunSinusj  and  that  Riccioli  was.miftaken. 

Their  next  ConjunEtlon  according   to  Maginus's  Epbemerides  founded  on 
the  Prutenick  Numbers,  was  April  2^^  15  8*3.  in  21  Veg.  of  X,  the  Sun  being 

then 
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then  in  17  D^g'.of  «»  fo  that  that  Planet's  Rifing  before  him  in  Signs  of^Oiort 
Afcenfion  and  with  South  Latitude,  this  Ctmgrefs  could  not  be  obferved  by 
the  Noble  Tycbo  who  was  mindful  of  it,  as  appears  by  this  Note  in  Page  S5 
of  Ws  HiftorU  Ccfkftis.  May  30.  before  Noon.  As  foon  as  ever  we  faw  Sa^ 
turn  after  the  Conjunftion,  thefc  Diftances  between  Jupiter  and  Saturn  were 
taken  by  a  Radius  ;   . 

I      50  I  3      24 


The  fiime  Epbemefides  ftiew  the  next  ConjunSfioti  of  Saturn  and  Jupiter 
1603,  December  14  at  Nbon  in  9**  36'  of  ^  ;  but  the  ingenious  Kepler  and 
our  Sir  Cbr.  Heydon  found  it  by  Obfervation  7  Days  fooner,  or  the  Day  of 
the  lame  Month  in  the  Morning,  in  near  8  Degrees  of  ?,  the  Planets  being 
but  then  newJy  emerged  from  the  Hays  of  the  Sun. 

The  Epbemerides  of  the  Learned  Kepler^  calculated  from  his  own  Rudolpbine 
T^lesy  make  the  next  Conjunlfion  1623,  betwixt  the  7th  and  8th  of7«^in 
6*  46',  of  a,  the  Planet  of  Saturn  being  then  only  4  Minutes  to  the  North 
of  Jupiter ;  but  this  firft  ConjunSlion  in  the  Ftery  Trigon  happening  under  the 
Sun's  Beams  was  not  obfervable. 

By  the  fame  TaMeSy  and  Epbemerides  of  Eicbft^e  calculated  from  them, 
thefe  Planets  met  again  in  the  2 5^ of  X,  betwixt  the  15 'and  16  of  Februafy 
1643,  with  a  Degree  Difference  of  Latitude. 

By  the  joint  Confent  <rf*  Eiebftade's  and  our  Wing's  Epbemerides ^  the  fame 
Fianets  were  in  G)fgun£li$n  again  1663,  on  the  10  of  OS$ber  at  Noon  in  13* 
30' of  J,  with  one  Degree  of  Difference  of  Latitude  -,  this  ConjunHion  was 
i)b(aTable  rfter  Sun-fet  in  our  Latitude,  but  I  hear  not  that  any  one  ob- 
ferved it. 

In  every  one  of  thefe  Years  there  happened  only  one  OmjunJUim  of  the  twa 
Si^eriorsy  nor  is  it  poffible  that  there  fhould  be  more,  except  the  HeUoccen^ 
trkal  CanjunSim  fall  near  the  Oppojitron  of  the  Sun  5  for  then  there  may  be 
three,  two  DirtB^  and  one  Retrograde^  as  has  been  within  the  Space  of  7 
Months,  betwixt  OHober  and  May  laft  inclufive,  of  which  the  tru*  Times  art 
determined  from  the  following  Obfervations. 
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on. 
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Betwixt  their  Centers 


Betwixt  their  next  Limbs  — 
Betwixt  their  remoter  Limbs  - 
Saturn  from  the  Heel  of  Cafter 
Jupiter  from  the  fame  Star 
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5^/«r;^  from  the  fame  Star  again- 

Betwixt  their  Centers  again 

Betwixt  their  remote  Limbs 

Their  Center  - 
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II 


33  «9 
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The  Diftances  betwixt  the  Planets  were  meafured  with  the  Micrometer  and 
i6  Foot  Glals,  from  the  Fixt  Stars  with  the  Sextant :  thofe  of  the  12th  by 
my  Affiftant,  the  reft  myfelf. 

On  the  22  Day,  the  Planet  Jupiter  was  in  Confequence  of  Saturn  (bme- 
•  thing  Jefs  diftant  from  him  than  he  had  been  obferved  on  the  5th  Day  nqff 
the  fame  Hour.  Hence  the  middle  Time,  betwixt  thefe  Obfervadons  is  point- 
jcd  out  for  tlie  Time  of  their  true  ConJunSion  ;  but  to  determine  it  more  accu- 
rately, I  Ihall  examine  the  Obfervations  made  with  the  Sextant  cm  the  fe- 
venteenth  Day,  which  being  neareft  the  Time  are  moft  proper  for  this 
Purpofe. 

The  corredt  Longitude  of  the  Heel  of  Caftor  now  «  o"*  50'  42",  its  Lati- 
•ttde  51'  40'',  South.  The  Latitude  of  Saturn,  by  the  Caroline  Tables  ^6'  20"^, 
oiJupit&  41'  30'',  both  Nprth. 

By  the  affumed  Latitude  of  Saturn  56'  20",  and  his  Diftance  from  the 
Heel  of  Caftor  obferved  and  correfted  48*  32'  30",  I  found  their  DiflFcrencc  df 
Longitude  4&*'3o'  37'*  -,  therefore  Saturn  in  Si  19®  21'  19". 

•By  the  Latitude  of  Jupiter  affumed  41'  30'',  and  his  Diftance  from  the 
Star  48*  45'  ^o",  their  Difference  of  Longitude  48^  43'  56",  and  Jupiter^% 
Place  in  a,  ig**  34'  39".  . 

Hence  Jupuer^s  Place  in  confequence  ofSatum^s  13'  20'',  with  which  and 
the  Diftance  of  their  Centers  oblerved  the  fame  Night  20'  12",  I  find  the 
true  Difference  of  their  Latitudes  15'  20"-,  but  half  a  Minute  different  from 
what  I  affumed  it  on  the  Authority  of  the  tables. 

The  apparent  Motion  of  Jupiter  from  the  14  to  the  18  Day  of  OSober  by 
ftn  Epbemeris  exa^Uy  calculated  and  made  agreeable  to  thefe  Obfervations,  is 

from 
or  14' 

15 


29'  i&\  of  Saturn  15'  01%  both  dired:  hence  the  Motion  of  Jupiter 
Saturn  in  f<mr  Days  is  14'  i3'-.    I  fay  therefore  as  4  Days  Motion,  o 


IS 


(  393  ) 

^5^  IS  to  4  Da;^,  or  ^6  Hours  5  fo  is  13'  20"  (which  Juptter  is  paft  the  Con* 
junhiouQi Saturn)^ &  90  Hours  or  3  Days  18  Hours-,  the  Time  mtcrlapfed 
fince  the  ConjunSion  ;  which  taken  from  the  ij  Day  15  Hours,  the  Time  of 
my  Obfervation,  gives  the  true  Time  of  the  ConjunSlion  of  the  two  Planets  on 
the  13  Day,  one  and  twenty  Hours  after  Noon,  or  according  to  the  common 
Account,  the  14  D^y*  at  9  a  Clock  in  the  Morning. 

At  which  Time  Saturn  is  with  Jupiter  in  ft  19*  07'f,  with  15  'f  more 
Northern  Latitude. 

The  Acta  ErtiditontM  LipJUnfia^  p.  366.  make  this  CmjunSion  to  have  hajf- 
pened  the  fame  Day  in  the  fame  Longitude  with  the  Eleventh  Star  of  Leo ; 
whofc  Place  they  ftate  in  ft  19"*  04'  Lat.  d  16"  N.  with  14  Minutes  Diffe- 
rence of  Latitudes  betwixt  the  two  Planets.  But  their  Obfervation  feems  to 
have  been  made  only  by  the  Judgment  of  the  bare  Eye  without  an  Inftrument, 
nrhich  confider'd,  I  wonder  not  that  it  differs  at  all,  but  rather  that  the  Diffe- 
rence is  fo  fmall  from  this  Determination. 

On  the  i^  tii  January  following,  viewing  then  the  Planets  both  Retrograde 
with  the  16  FootGlafs,  I  found  them  approached  within  a  meafurable  Diltance 
of  each  other. 
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From  Obfervations  formerly  made,  'Ihave  determinedthc  troc'Phccs  and 
latitudes,  to  this  prefent  Time,  of, 

^t  Heel  of  Cafior         ■  ^    o  51   10    iM.o  51  40  Scutb. 

Bright  *  in  the  ZjWj  flif j//,  E  —  ft  r6  15  27  9  41  07  Norib. 

Uoffs'Heart        -^^        — —      ft  25  24  45  o  ~2€  'm^Nortb. 

And  from  the  above  recited  Meafures,  the  true  DIftantqs  of  the  Placets 
from  thefc  Stars,  January  the  26th  at  9'  40'  f.  m.  as  follows. 


Saturn  from  the  Heel  oi  Cafior            "'■-      ■    ■  4K  09  00 

7{//>//^r  from  the  Tame               ■  4S  18  10 

Saturn  from  the  Doh^s  Heart              -^—  g  29  40 

Jupiter  from  the  fame            — —            —  — '  8  18  00 

Saturn  from  the  bright  ♦  in  the  Uoh^s  Head  E  —  S  29  40 

Jupiter  from  the  fame        ■                       8  42  10 

Whence!  colleft  the  trad  Places  at  this  Time, 


Of  Saturn     ft     16     57     10      Ztf/.  I     J 3     lo 

Ofjupifer    ft     17    07     10      JD^.  i     pi     30 

DiflPcrcncc  of /L^;5if .    — —  10    00     of      Lat.       11    40 


The 
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:  TXt  JBarmngi^'Modbn  tijfipiier'bom  Saturnin  4  Decfs^  htttniMthcTwenW' 
fixth  and  thirtieth  of  this  Month,  by  my  caat&  Epbtmrh  i^  tz^  if.  l^ 
therefore  as  12'  15",  is  to  4  Days  or  96  Hours  5  fo  is  10'  00"  (the  DifFenencc 
of  ihe  Pianau  prefent  Longitudes)  te  78  Hours^  or  three  Days  fix  Hours ; 
idiich  therefore  added-to-Ac  Time-  a  that  Obfeivadon  ^an.  26*  9^4,  gives 
tkc^true  Time  of  the  Cdnfu»eii$n  Jan.  29^  i6\  or  according  to  the  common 
Account  Jan..  30  at  4*  iff  the  Morning;  At  which.  Time  both  the  Planets  are 
in  ft  16'  51  T>  with  ii'i  Difference  of  Latitude  or  Diilance  from  each  other; 
which  iB  further  coniriaed  by  the  meafiired  Diftances:  of  the  Plants  on  the 
30/i&  at  N^(ht  before  recited. 

On  the  26^8?  Day  ztc^  40'  the  9uffs  true  Place  was  bymy  Tables  in  as.  17* 
11' \^  fo  that  he  was  now  about  \  of  a  Degree  paft  their  Oppofition. 

Tcrwandsitfae  latoer  end  of  the  fbUowihg  Aprils  the  Planet  Jitpiier  began  to 
a^taoh  &i/»r#  again,  both  being  now  direft;  the  28  at  Night  with  the  16 
Foot  Glais  ismd  Micrometer  I  meafured  the  Diftances.  < 
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From  thefe  Obfervations  I  ffiate  the  Diftanccs  of  the  Pbmets  Stem  tlxt  fixed 
Stars  May  7*  at  q**  5'  p.  m.  as  follows. 

Saturn  from  the  Um^s  Heari    .        —  10  58  50 

Jupiter  from  the  Ikmc                  "  .■    '  — — .  10  59  oo 

Saturn  from  E  in  the  Lion^s  Head                ft  29.  40 

;  Jupiter  from  the  lame                ■   ■  — —  8  55  35 

Hence  the  true  Lon^tude  oiSat.  rfl  14  27  42.  l-fl^,  i  12  46.  iVi?r/*. 

of  Jupiter  SI  14  ^6  37.  Lat.  o  56  43,  iVar/fc 
Difference  of  Longitude  1     4*  Lat-  o  16    3. 

TheXWffercnce  of  Latitudes  fomcthing  exceeds  the  Diftmce  meafured  with 
the  Micrtmettr,  by  reafon  that  the  Wind  then  Ihaking  the  StP^emt  permitted 
Ds  not  to  be  fo  exa£t  as  ufually ;  but  the  Difference,  being  lefs  thaa  half  a 
Minute,  I  efteem  inconfiderabfe. 

The  Diurnal  Motion  of  Jupiter  from  Saturn  was  now  3'  1^".  It  holds  there- 
fore, as  3'  i^"  (one  day's  Motion,)  is  to  one  Day  or  24  Hours ;  fo  i'  4"  (the 
Diftance  of  Jupiter  from  the  rf  with  Saturn)  to  8  Hours,  the  Interval  be- 
twixt the  Obfervation  and  following  CmjunSliony  which  was  therefore  17*  after 
Noon,  or  according  to  the  vulgar  reckoning.  May  8.  at  5  a  Clock  in  the 
Morning  :  At  which  Time  the  true  Place  ot  the  Planet  is  ft  14*  28'^,  the 
Difference  of  their  Latitudes,  15'  40''.  Saturn  being  fo  much  more  Norther- 
ly than  Jupiter. 

In  all  beft  efteemed  Aftrmomical  Tahles  extant,  the  Mean  Motions  of  the 
Planet  Saturn  are  too  fwift,  of  Jupiter  too  flow  confiderably  :  Hence  it  can>e 
to  oafs  that  they  made  the  Dire^  ConjunSlons  fome  Days  later,  the  Retrograde 
earlier  than  they  were  found  by  Obfervation. 
jit  Dtntftkk  j  a,  OSlob.  26.  New  Style,  at  i*"  40'  in  the  Morning,  I  happen'd  to  take  the 
!l^««  *r^tt^  Situation  of  Jupiter  and  Saturn  with  my  Tube  and  Micrometer,  as  well  as  I 
n.  i$x'./.  3*6.  couki  wifti.  At  the  fame  time  a  certain  confpicuous  fix'd  Star,  (which  is  worth 
obferving)  was  very  near  the  faid  Planets.  Jupiter  then  offered  himfclf  to  me 
with  three  of  his  Companions  5  and  perhaps  the  fourth  was  prefent,  but  becaule 
of  the  little  Clouds  was  not  to  be  leen.  Saturn  was  diftant  from  Jupiter  16" 
44"  \  Jupiter  was  diftant  from  the  Star  (in  the  right  Shoulder  of  cTl,  if  I  am 
not  miftaken,)  2/  S^'  '^t  ^i^d  again  Saturn  was  diftant  from  the  Star  38^  i'\ 
This  Star  was  now  according  to  our  Catalogue  in  ip*  2'  9"  of  ft,  with 
Northern  Latitude  o*  20'  45".  On  OSlob.  30.  at  5*  in  the  Morning,  die  Dif- 
tance of  Saturn  and  Jupiter  V7^  25'  5" ;  whence  we  may  furely  conclude,  that 
the  Conjunftion  was  celebrated  ievcral  Days  fooncr  than  Nov.  3.  when  the 
Ephemerides'and  the  Calculation  exhibit  it. 

This  the  following  Obfervations  will  ftill  farther  evince.  For  if  the  Coa- 
junftion  was  near,  the  Diftance  of  Jupiter  and  Saturn  would  daily  decreafe  i 
whereas  it  continually  increafed.  On  the  firft  Day  of  November  at  two  in  the 
Morning,  by  help  or  our  Micrometer  the  aforefaid  Diftance  was  found  to  be 
31'  35".  And  Nov.  2.  I  found  the  fame  Diftance  to  be  35'  21''.  On  Nov.  3. 
at  One  in  the  Morning,  I  found  it  now  39  9^  And  Nov^  4*  the  Sky  being 
very  clear,  the  fame  Diftance  was  ftill  greater. 

As 
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^  to^the  other  Coniimdion»  which  according  to  the  WritamdFE^ieme- 
rides  ought  to  happen  Bv  the  Retrogreffions  of  thefe  Planets  on  tte  26  Day  of 
Jamiory  of  the  current  I  ear  1683  j  I  fliall  here  add  fome  of  the  principal  Ob- 
lervadons. 
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F^*.  9.  in  the  Evening,  at  9*"  o'  8",  I  perceived  the  Planets  in  my  Tube 
throi^h  the  thick  opening  Clouds,  and  purfuing  them  with  my  Eye,  I  per- 
ceived the  Conjunction  had  been  celebrated  the  Night  before  between  the  8 
and  o  of  February.  For  the  laid  EHflance.now.apjpear'd  fomething  lai^er  :  As 
aMb  happened  Feb.  1 1  in  the  Evening  at  9**  o',  o  .  For  the  Diftance  between 
Saium  and  Jupiter  was  2000,  that  is,  o**  15^  ii"  in  the  Micrometer,  which  on 
the  8  Day  of  February  was  found  only  o*"  i  %'  o'\ 

Bcfides,  that  the  Conjunftion  was  now  paft  moft  furely  appeared  from 
hence,  that  each  Planet  was  no  longer  in  a  right  Line  with  the  Belly  of  Urfa 
Major^  as  it  was  on  the  8***  of  February^  and  likewife  that  Saturn  was  no  longer 
in  a  right  Angle  to  the  Orbit  of  Jupiter^%  Satellites. 

Now  that  this  may  become  ftill  more  evident,  I  Ihall  here  add  fome  Ob»- 
iervations,  which  were  continued  on  the  following  Days. 
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From  the  Continuation  of  thefe  Obfervations  it  is  abundantly  manifeft,  that 
li  :e  the  Planets  from  day  to  day  recede  farther  from  one  another,  the  Con- 
ji  i6tion  itfelf  happenM  really  between  the  8  and  9  of  February. 

..aftly,  for  the  Sake  of  the  Lovers  of  Aftronomy,  I  fhall  here  add  what  I 
h  fe  obferved  concerning  their  third  Conjunction  in  the  Month  of  il^. 
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.  From  which  Obfervations  it  now  appears  to  every  one,  that  fince  the  DiT- 
tance  of  Saturn  and  Jupiter  continually  decreafed  from  dav  to  day  to  Maf  the 
iStfa»  and  from  this  Day  again  incfedfed,  the  Conjtinfhon  of  thefe  JHanet^ 
happened  on  that  fame  t)ay  ;  and  indeed,  (as  appears  from  the  Obiervations 
of  the  15  and  20  of  May^)  at  the  Houf  6f  10  in  the' Forenoon :  Which  ac- 
cording to  the  Compilers-  of  the  Ephemerides,  ought  to  have  come  on  not 
before  the  26.  So  that  this  third  and  laft  great  Conjuhftion  of  this  Ye*  has 
alfo  nfttich  eluded  the  Tables,  as  having  happened  above  8  whole  Days  (ooncr 
than  tSiey  predicted 

Befides,  it  appears  from  hence,  that  this  laft  ConjundHon  was  celebrated  on 
May  18  at  10  in  the  Evening,  becaufe  Satumzt  that  time  was  no  longer  at 
right  Angles  to  the  Orbit  oTJl^iter*s  S^rellites  •,  and  further,  (as  may  be  fcen 
from  the  Obfervations  of  the  following  days,)  that  from  the  1 8  of  May  to  the 
28,  the  Diftance  of  Saturn  and  Jupiter  went  on  continually  increaling,  as  far  as 
I  could  determine  that  Diftance  by  my  Micrometer. 

Laftly,  it  is  alfo  to  be  notad^  thait  on  the  2 1  of  May  in  the  Evening  wiiaai 
among  other  Obfervadon's  I  aUb  obtained  with  my  Sextant  the  Dimmce  erf* 
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.ftdi-tjf  the  Planets  from  the  upper  Star  in  the  .anterior  right  :Foot  qf  the  greafr 
Bear,  and  the  aforcfaid  Star  was  then  almpfl  in  the  fame  right  Line  with  eaqh 
^tiU  Planets ;  fo  that  it  is  eafy  for  ^ui  Aftronoiner  to  judge,  whetiier  the 
OWervations^  obtained  with  .my  new  ScKtapt^agree  with  thofe.^akenby  theJMj- 
opmoter.  By  the  Sextant  the  Diftatrce,af.7ii[;p//«rfrom  the  faid  Star  w^  '3V 
38'  40",  and  of  Saturn  32"  ig'  45''.  So  that  the  true  pittance  of  .each-  Flanet 
was  18'  55''-  But  the  fame  Diftance  Found  by  the  Micrometer  the  fame  Day,- 
thatis,  ."^^iry^i,  was^Tc/  g^i  fo  that  it  was  i'  x^^'iefsthan  that  obtained  by 
the  Sc3Btant;  yet  I  would  nochave  -y9U^  think,  my  Friend,  that  i  ^fr'd  either 
with  tlis  or  that  Inftrument ;  by  no  me^ns-  For  Saturn  and  Jupiier  ^ere  not 
exaftlviinthe  fame  Line  with  the  feidiStar,  as  may  appear  to  any  rone  ei- 
ther firbm  the  Globe,  or  by  Calculatiorl.  Hence  it  neceffarily  follows,  that 
the  Diftance  derived  by  the  Sextant  Ihould  be  fomething  lefs. 

LXXXVII.  Riicioli  in  the  Second  Pftrt  of  the  firft  Tome  of  his  AifnageJl^TUmi^c^ 
has  giMen  us  a  Table  of  all  tjie  n>eanj  QaytmSions  bf  the  two  Superiors  from-(jjf;^'^^^r 
the  Cr<iation  till  ;fbe l^ar  (j^Kbftfi  1J358,  but  very  coarfe  and  incorredt.     Iter,-  ^m^^' 
have  therefore  made  a  new  ^ne  for  143  Revolutions^  which  ate  completed  '^^^J^^.^^^ 
853  JtUian  TearSyZnd  2g5  D^ys,  frorji  their  mean  Motions,  which  I  have  cor- 7«/7  ad.'i^^V 
itfted  by  very  late  Obfervations.     ithis  being  the  Period  of  the  greateft  Con- 
junctions y  after  which  Space  of  Time  piey  return  to  the  fame  Place  of  the  Zo- 
if«:/tiwiithin4.of  aDcgree-     ;  ;     i 

Thi^or^nary  Omjunlfions  happen  opcei  in  tWOTty  Years,  or  more  prqcifely  in 
19  Ji^an  Years,  and  312  Days  j  in  >yh|ch  Time  Saturn's  mean  Motjion  is  8* 
2*  4S%yuffitert$  the  feme  sd)bve  one  iRevoktion. 

ThqTe  are  ebmmonly  terip'd  the  L({fer  cJf  the  Great  ConjunStions,  which 
ccmtimie  in  Signs  of  the  fame  ^ripUcity  for  lo-Revohitions  to  «a^h  other,  or  198 
Years  ^  each  CotijunBion  according  to  'tI>e"mean"T«Iotiohs^.being  8*"a^|48'f  re- 
movcdl  front  the  tfreceding  •,  fo  Aat  if  aiiy  Conjuni^on  was.ma^e  i4)on  ithe  firft 
ofr^  the  next'Mlkxwing  fta|ll  be  in  2^48'  of  ^,  and  all  the  f(341ofmg  for 
198  Years  fhalKfalll  in  T,  ft  fnd  *,  Signs  bf  the^fapie  ^nf^//«>. 

But  jthe  M  ConjujiSionsvAGTy  iltiali  happen^. in  tJie  iitft  Degree  of^,|  and  the 
fbllowibg  t^'XjohjiinSums  ici  15 ,  SP,  arid  ^,  .Signs  of  the  UrntTrifiicity^  Of 
thcfc  tie  "firft  are  callcfd  by  oar  Aftrolog^rs  the  Greater  ConjunStiom. 

But]the  Greateji  is,  when  i^er  43  QmjfinSlions  ^qnjpfeted  ^ini853^Yclars,  235 
Days,  Ihe  mean  ConjunBions^  ihaving  been  made  in  dl  the  "Sij^,  Kiturii  to  that 
Point  ^f  t4ie  Eekpiickfrcfm  whence  they  began  t  though  t  m\i0:  cOnfefs,  had  I ' 
been  t4  name  them,..  I  would  have  "called  IhoIe^Ihe ^r^^/^  wEclTliappen  'm  ^ 
the  S/gnsy  *  and  ^>  becauie  then  the  iftAnets'r&  higheft,  and  Sife  longeft  vi- 
lible  in  our  Htftizon^  as  alio  being  nepf  their  Nixth  Nodes i  they  approach 
nearcft,  and- if  they  have  any  extraordinary  Influence  (which  Nhhoyd  thinks 
either  tttiey  have  not,  or  if  they  have*  ^e  underiland  not)  ^it  \  mitft  according 
to  theit  Axioms  be  ftrongeft.  "  '  "'      ""      '  " '  •  t 

Thcife  whith' happen  in  V  aridris:^  I  Ihould  call  the  Greater  oi^M0ey  be- 
^cauie  ti^JPlanetf  hfing  rhrn  nfflr  thefr.  Soiith  i\figJb^>4pfly^^  each 

other 


(  400  y 

Other  again  very  nearly,  tho*  they  rife  not  High  in  our  H^rizon^  being  in  Sou- 
thern Signs ;  the  reft  might  be  accounted  the  Lejfer  or  Ordinary. 

The  Mean  ConjunSlhn  of  SatutTi  and  Jupiter  this  Year  1683,  was  on  tte 
ij^tb  Day  of  January  old  Stile,  ?t  12  Hours  after  Noon,  in  the  Meridian  of 
London  j  at  which  Time  the  mean  Motions  of  both  the  Planets  were  4*  1 1*  45'. 
This  riiay  be  the  Radix  of  the  following  Table. 


A  Table  of  the  mean  ConjtmSliom  of  Saturn 

and  Jupiter.       \ 
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.  By  this  ^ahk  to  find  the  Time  6f  ztqmean  Conjunction,  caft  or  future,  near- 
eft  to  any  Place  of  ,thc  Zodiack  ;  for  Times  paft,  fubtraft  the  Longitude  of 
the  given  Place  from  the  Longitude  of  the  Radix  4'  1 1**  45',  the  Refidue  feek 
in  the  laft  Column  of  the  TabU\  if  you  find  not  the  precife  Number  take  the 
next  to  it,  againft  this  you  have  in  the  fecond  Column  the  Years  and  Days,  in 
the  flrft  the  Number  of  Conjunllions  paft  fince  any  was  made  in  that  Place  ; 
fubtraftthe  Years  and  Days  from  1683.  Jan.  14.  arid  the  Motion  from  4*  ii*» 
15',  fo  have  you  the  true  Time  of  the  nuan  Conjunction^  and  Longitudes  of  the 
flanets  then. 

But  for  Times  to  come  fubtraft  the  Rjidix  from  the  given  Place,  feek  the 
Refidue  as  before  in  the  laft  Column  •,  if  you  find  it  not,  take  that  you  find 
heareft  it ;  againft  which,  as  before,  you  have  in  the  fecond  Column,  tne  Years 
and  Days  ;  in  the  firft,^  the  Revolutions  future :  for  Example, 

If  it  were  required  to  know  when  the  laft  G(7«;V»5w»' haj)pen*d  in  the  firft 
Deg,  of  «,  Subtrafting  is;?  of  Ten  ^igns  from  4*  11^  15',  the  Refidue  is  6' 
ii*  15'?  which  feeking  I  cannot  find  in  the  third  Column  of  the  Tahle^  but  I 
find  6*  i2^  ^t\'  which  is  not  two  Degrees  more,  aAd  againft  them  516  Years 
47  Dkys,  and  in  the  firft  Column  i6,  for  the  Number  of  Conjuh^ions  inter- 
lapfed.  Subtra£ting  51^  Years  57  Days  from  1683.  Jdn.  14.  there  remains 
1166  YeaX-s,  32a  Days  i  which  mews  me  that  the  Conjunffionv/^s  in  the  3"ear 
11^6.  Nov.  18'.  and  fubtfafting  the  Motion  6*  12°  56',  from  4*  11^45',  it 
points  me  to  the  Place  in  9*  28*  49'. 

Or  if  the  Time  of  the  firft  Oyunffion  in  ^  to  come  were  demanded^  I  ftfb- 
tra<St  rhe  Radix  4'  ii^  45',  from  6  Signs^  the  Refidue  i*  ly  15%  I  feek  in  the 
^aiU  but  find  it  not,  I  take  thefefor?  the  next  to  it  r  20"  29',  againft  which 
ftands  357  Years,  124  Days,  thefe  added  to  i6gg.  Jan.  14,.  give  me  the 
Year  2040,  and  13S  Days,  May  18,  for  the  Time  of  this  ConjunSlion^^  and  /. 
adding  the  i*  20*"  29^,  to  the  Radix  4'  ii'45',*it  nftakes  6'  2*  14^  for  the 
true  mean  Longitude  of  this  ConjunSlion, 

From  the  mean  Conjmlficn  the  apparent  may  be  found  by  the  Help  of  a 
Planetary  InftrUmeut,  or  the  ufu'al  Aftronomical  Tables. 

LXXXVTIl.  I.  S.  Campani  affirms,  that  he  hath  remarked  in  the  Belts  olThtU^itat^ 
Jupiter^  the  Shadows  of  his  Satellites^  and  follpwed  them,  and  at  length  feeri ^JJi^J^^i !' 
them  emerge  out  of  his  Dijk.  '         '  *  ijr  s.  campani. 

2.  M.  CaJJini^  after  he  had  difcover'd  (by  the  Means  of  thofe  excellent  3//^^"  cdEuu 
Glaffes  of  35  Foot  made  by  5*  Campani)  the  Shadows  caft  by  the  Satellites  of  *»^  •«*«''  n.i. 
Jiipiier  upon  his  Dijk  when  they  happen  to  be"  between  the  Sun  and  Him ;  and^!  '^v'.X  «»• 
after  he  had  alfb  diftinguilh'd  th^r  Bodies  upon  the  Dijk  of  JupiTer^  mad'e^403y». 
fome  Prediftions  when  they  ftiould  appear,   to  the  End  that  the  Curious 
niight  be  convinc'd  of  this  Matter  by  their  own  Obfervations. 

Some  of  thefe  Predications  have  been  verified,  riot  only  at  Rotne^  and  iii 
other  Places  of  Italy y  but  alfo  at  Pciris  by  M.  Auzout^  and  in  Holland  hy 
WT-  Ht$^gms  \  particularly  Sep.  26^  1665.  at  half  an  Hour  after  Seven  a  Clock, 
one  of  thefe  Shadows  was  fecn  both  iii  trance  and  in  Holland. 

Vou  I.  F  f  f  The^e 
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Thefe  Spots  have  this  Peculiar,  which  diftingui(heth  them  from  all  others^ 

that  they  are  found  precifely  in  that  Place  oi  Jupiter ^  where  fome  Satellite  is 
feen  by  the  Sun  ;  that  they  go  from  the  Oriental  Limb  to  the  Occidental  of 
the  Difk  of  Jupiter^  with  a  Motion  always  eaual  to  that  of  the  Satellite ;  that 
in  refpefl:  to  us  they  precede  the  Satellite^  before  the  Oppofition  of  Jupiter  to 
the  Sun^  and  follow  him  after  the  Oppofition  5  that  the  further  Jupiter  is  di- 
ftant  from  the  Oppofition,  the  greater  is  the  apparent  £)iftance  of  the  fame 
Satellite ;  that  at  divers  Times  of  the  Year,  this  Diftance  changeth  in  propor- 
tion of  the  annual  Parallax  of  the  Satellite^  according  as  he  is  differently  feen 
by  the  Sun^  and  by  the  Earth  •,  and  that  at  one  and  the  fame  Time  of.  the 
Year,  when  divers  Satellites  happen  to  be  between  Jupiter  and  the  Sun^  the 
Spots  correfpondent  to  them  are  diftant  from  them  in  proportion  of  the  Semi^ 
diameters  of  the  Circles  of  the  fame  Satellites. 
»r  Dr.  Hook.  3.  An.  \666.Jan.  26.  about  3**  15'  in  the  Moming,^  I  perceived  (with  a 
"'  *^if  139^*  60  Foot  Glafs)  near  the  Middle  of  the  Zone  J,  a  very  round  Spot,  like  that 
reprefented  at  g^  which  was  not  to  be  perceived  about  half  an  Hour  before  ; 
and  I  obferv'd  it  in  about  10'  Time  to  be  gotten  almoft  to  i,  keeping  equal 
Diftance  from  the  Satellite  A,  which  moved  alfo  weftwardly,  and  was  joined 
to  the  Dilk  at  /,  at^**  2^  :  So  that  it  was  fufficiently  evident  that  this  black 
Spot  was  nothing  elfe,  fave  the  Shadow  of  the  Satellite  by  eclipfing  a  Part  of 
the  Face  of  Jupiter.  The  other  three' Satellites  in  the  Time  of  the  EcUpfe  were 
weft  wards  of  the  Body  of  Jupiter. 

Ifi^^^      LXXXIX.  I.  'Tis  now  above  two  Years  fmce  the  learned  R.  Townley  Efcp 
teiihSr^  Mr.  communicatcd  to  me  the  greateft  Digreffions,  which  he  had  obferved,  of  Jth- 
^^^0  6**    jp//^r*s  Satellites  from  the  Center  of  Jupiter j  as  alfo  the  mean  Motion  of  every 
♦nr  ^°^4-     one,  and  the  Epochs  of  thofe  Motions,  deduced  from  his  Obfervations  made 
J.'^^l^'*  ^^*  ^^  ^^^  ^^^^  at  31w»/^.    Afterwards  I  obtained  from  him  your  Ephemcridcs,  O 
moft  learned  Cajini^  of  the  Medicean  Stars,  for  the  Year  1668  5  from  wUch 
*  having  found,  that  not  only  the  Motions,  but  the  Epochs  of  Motion,  as  aUb 
the  greateft  Elongations  determined  by  you,  were  fomething  different  from 
thofe  of  Mr.  Townley  ;  I  thought  it  might  be  worth  while  to  make  fome  Ob- 
fervations as  Opportunity  Ihould  prefent,  being  earneftly  defired  by  him  fo  to 
do.    Therefore  iri  the  Month  of  March  of  the  Year  1672,  Julian  Style,  with 
a  Micrometer  and  a  Tube  of  14  Feet,  with  as  much  Care  as  I  was   able,    I 
made  the  following  firft  Experiments,  repeating  my  Obfervations  every  Night 
for  greater  Certainty. 
An.  1672.  Mar.  19*  7*  11'.  The  remoter  Limb  of  Jupiter  was  diftant  from 
♦  g'  37^    the  fourth  Satellite  1601  •=9'  —  3+'' 

»«  ^4^37-  27.  8.        The  remote  Limb  from  the  fame  fourth  Satellite 

1591  =  9 — 30 
28.8*        The  fame  Diftance  1 598  =  g  — 3  3 

By  feveral  Obfervations  the  Diameter  of  Jupiter  was  found  128.    There- 
fore its  Scmidiametcr  was  64  \  by  which  the  obferved  Diftanccs  being  divided, 

there 
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dwre  wUl  arife  the  ajjparcnt  Diftances  of  the  Satellite  from  the  remoter  Limb 
xX  Jupiter  in  his  Semidiameters. 

d.   fd.     '  fd.      ' 

Mar.  19.  25 


27.  24  51  ^     . 

28.  24  58  J     ^ 


Semidiameter  Being  taken  away 


from  the  Center 


away;  it  wiU   {\\    5!  I 


Then  the  Motion  of  which  from  Jupiter ^  and  the  Diftances  from  the  Cen- 
ter, according  to  your  Numbers  were  thus. 


d.  h.  ' 

.0      /  ■ 

I'd.      ' 

Metrt.  rg  7  II 

8  25  33 

22     s^ 

27  8  .  . 

2  »9  35 

22     37 

28  8  .  . 

3  "   »3 

22     34 

Therefore  m  the  firft  ObferVation  the  Satellite  was  diftant  from  his  extream 
Elongation  only  4';  in  the  fecond  23 ' ;  in  the  third  26' ;  ^xagenary  Scruples 
of  the  Semidiameter.  Therefore  if  we  add  theft  to  the  obferved  Elongations  in 
a  due  manner,  the  greateft  Digreffions  of  this  fourth  Satellite  from  the  Center 
oi  Jupiter  will  be  by  the  firft  Obfervation  24  Semidiameters,  5' ;  by  the  fecond 
24  Semidiameters,  14' ;  by  the  third  24  Semidiameters,  24' ;  which  you  fix  at 
only  23  Semidiamkers,  and  Mr.  Townley  at  24  Semidiameters,  72'.. 

Of  thefc  three  Elongations  I  judge  the  two  latter  to  be  the  more  accurate, 
bccaufe  tor  their  Determination  I  had  very  commodibus  Obfervations,  which 
I  performM  with  all  poflible  care.  Afterwards  I  found  the  former  among 
fcvcral  Notes  which  I  had  taken  on  the  19th  Night,  which  I  cannot  affirm 
mis  made  with  the  lame  Exaftnels.  However  I  admitted  the  Obfervations, 
as  not  to  far  difagreeing  with  the  refl,  but  that  it  may  ferve  to  confirm  them  ; 
as  alfo  to  Ihew,  very  little  if  at  all  lefs,  that  the  Elongation  of  this  Satellite 
from  Jupiter  was  to  the  Left  Hand  rather  than  to  the  Right. 

Yet  in  my  Obfervation  I  felt  the  Motion  of  the  Air  and  Wind,  which  by 
fhaking  and  agitating  the  Tube,  (hanging  in  the  open  Air  at  an  upright  Pole, 
by  means  of  a  Rope  and  Pulley,)  made  the  Obfervation  difficult  j  and  often 
was  the  Occafion,  that  I  might  take  the  Diftances  too  narrow.  Therefore  I 
pcfolvcd  to  forbear  from  making  many  fuch  Obfervations,  which  require  the 
utmoft  Care  and  Precifion,  till  1  have  fitted  up  a  more  convenient  Place  for 
performing  them,  which  at  laft  I  have  provided.  I  have  took  care  to  have  a 
Wooden  Machine,  like  a  Ihort  Ladder,  fitted  into  my  Window,  upon  which 
my  Tube  being  layed,  may  be  turned  about  all  ways,  nor  can  be  agitated  this 
way  or  that  by  the  Winds,  except  they  are  very  violent,  as  it  was  in  the  open 
Air.  Laying  my  Tube  upon  this,  the  4th  in  the  Evening,  An.  1683.  I  ap- 
ply*d  my  felf  to  making  Obfervations  with  the  greateft  Diligence,  nor  without 
Succefs.  For  the  Sky  being  exceeding  clear,  I  faw  all  the  tour  ^tellites  thro* 
%  Tube  confifting  of  convex  Lens's,  and  meafured  their  Diftances  from  the 
remoter  Limb  of  Jupiter^  as  follows. 

Fff2  3985 
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3    985  Again— 988 

2    628  636 

I    425  -^ 427 

^    272  — -^ '-  272.    The  Altitude  of  Jupiter  taken  with  a  Quac^yant  near. 

two  Foot  lo(ig  24^-— 00'  Therefore  the  apparent  Hour  at  Dirky  was  8*  26' 
after  Noon.  And  then  thefourdi  Satellite  appeared  below  t^e  Line  ^awn  on 
both  Sides  through  the  outmoft  Satellites  •,  but,  if  I  miftake  not,  hardly  a 
whole  Semidiameter. 

The  Diameter  of  7«/>//^r  was  found  133,  by  ObfervatioRS  feveral  Times  re-. 
peated.  Therefore  the  Semidiameter  was  66^^  which  being  taken  from  the 
obferved  Diftances,  the  Intervals  between  the  Centers  pt  Jupiter  and  of 
the  Satellites  will  become,  that  of  the  firft  360,  of  the  ftcond  569,  of  the 
third  921,  of  the  fourth  205  ;  which  being  divided  by  66t»  there  will  arife 
the  vifible  Elongations,  from  the  Center  of  Jupiter  m  his  Semidiameters. 
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cording  to  your  Tables  accommoda- 
ted to  Dertyj  were 
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Therefore  the  firft  Satellite  was  deficient  only  i',  the  fecond  3^,  the  third 
12'',  fexagenary  Scruples  of  the  Semidiameter,.  from  the  utmoft  "Elongation; 
if  therefore  we  add  thefe  to  what  were  obferved,  the  extream  Digreffions  will 
b^me 

m.    '  id.  fd.   ' 
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But  Mr.  Townley^  as  1 
I  find  in    fome  I 


Papers, 
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I  It  bebg  forefeen  that  a  convenient  Opportunity  would  be  offer'd  Jpr.  1 1. 
in  the  Evening,  and  as  1  concluded  that  thefe  Diftances  were  not  to  be  dedu* 
cedfrom  an  Experiment  or  two,  I  refolved  with  my  felf  to  make  a  farther 
Inquiry,  by  Obfervations  that  might  then  be  had.  When  I  firft  began  chefe, 
the  Sky  near  Jupiter  was  fo  covered  with  thin  Clouds,  that  fometimes  I  couki 
perceive  the  Satellites  but  obfcurely.  Yet  I  took  their  Diftances  from  the  re- 
moter Limb  of  Jupiter y  as  the  Air  would  give  me  Leave,  which  were  as^ 
follows. 

At  the  Hour  7^  after  Nogn    3  947  A^iq  932 


3  9/7 
2  628- 
I 


614 


405.    Afterwards  when  the  Heaven  be- 
came as  clear  as  I  could  wilb,  I  obferved  more  accurately 
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.  4    942.    Again  (^^'j.    The  Altitude  ofJupi$er  was  24*  o' 

apparent  Hour  was  7*  c^&,  ,    . 


Therefore  die 
The 
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,  Th«  fourth  Satellk*  ^upptstx'd  a  little  abore  the  Line  drawn  through  the  firft 
and  fecond  •,  the  third  below  that  line,  but  fometimes  I  thought  it  was  in  it. 
Tjbe  Dimxettr  of  Jupiier  was  taken  at  132^  and  therefore  his  Scmidiameter  is 
66  \  which  taken  frotA  the  obferved  EHfiances,  gives  thd  Interval  between  the 
Cent^  ofju^ter  and  of  the  firft  239,  of  the  fecond  556,  of  the  third  881, 
of  th?  foMith  .S^i  k  .which  being  ievcraUy  divided  by  66,  the  apparent  Elon- 
gations of  the  Center  of  Jupiter  come  out  in  the  fame  Semidiameters,  of  the 
|rft  5  Semidi^meters,  3' ;  of  the  fecond  8  Semidiameters,  25^ ;  of  the  thir4 
13  Semidiameters,  21' ;  of  the  fourth  13  Semidiameters,  30'. 
.  Xhc  Meaft  Motiona  rf  the  Satdikes  from  ^he  Pleni-mediceans,  with  their 
Diftances  from, the  Center  of  Jupiter^  according  to  youf 
Numbers  were  as  is  fet  down  in  this  Table.  Whence  it 
is  to  be  fecn,  that  the  firft  was  diftant  from  its  greatcft 
Elongationi  10'  Scruples  of  the  Semidiameter,  the  fecond 
26\  the  third  38'.  Which  therefore  if  we  add  to  the 
obferved  EiongationSy  the  grcateft  Digreflions  to  be  de- 
duced from  hence  will  become 
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very  little  differing  from  thofe  which  we  have  dedu-r 
ced  from  the  Obfervations  of"  the  fourth  Night. 

Now  at  each  Time  the  inmoft  Satellite  appeared  to  the  Left  Hand  from 
Jufii^^,  and  the  fecond  and  third  to  the  Right  Hand.    But  Apr.is*  in  the 
Evening  I  forefaw  that  tl^  third  would  appear  on  the  Left  Hand  in  its  greateft 
^l^iigation,  on  which  Phaenomenon  therefore  I  thought  it  worth  while  to  at- 
tend, that  I  ipight  be  fatisfied,  whether  the  greateft  Elongation  from  the 
Cen^  of  Jupiter  J  of  the  fame  Satellite,  were  the  fame  on  either  Hand.     The 
Sky  was  clear  for  Obfervation  that  Night,  fo  that  about  the  Hour  of  7\  \ 
^W^tA  acccMrding  to  my  Wifh,  that  die  Diftance  of  the  third  was  955,  and 
thelHameter  of  Jupiter  131.     Therefore  his  Semidiameter  was  56i,  which 
being  fubdu<fled  from  the  obferved'  Diftance,  made  the  Interval  between  the 
Center  of  Jupittr  and  the  Satellite  to-  be  889 ;  which  being  divided  by  the 
iwie.  vifxble  Semidiameter,  gives  the  Elongation  of  the  Satellite  from  the 
Center  oS  JupOr  in  his  Semidiameters  13  Semidiameters,  3 5^    The  Mean 
Mcn^on  of  the  Satellite  was  a'  4^  ^\    The  true  Place  of  Jupiter  ^  10^  27'. 
Thorefona  the  Planet  was  diftant  from  the  fUnlmedicean  9*  3*  42',  and  from 
the  greateft  Elongation  only  3  Sciaiplcs,     Now  if  we  add  thele  to  the  obferved 
Di^effion.  13  SoBttdiameters,  35' ;  we  (hall  have  the  greateft  Kgreflion  this 
Timeito  the^LeftHaiid  13  Semidiameters,  38'.     This  is  left  by  the  third  part 
of  a  Semidiameter  than  that  on  the  Right  Hand,  as  we  have  found  by  Obfer- 
vations twice  repeated  and  a^iseing  together.     This  feems  to  infmuate,  that 
there  is  feme  EaDccntricity  of  the  Center  of  the  Orbit  of  this  Planet  from  the 
Center  of  Jupiter.  - 

2^  The  Jbiitlc  Circle;  in  the  Middle  rcprefents  the  Planet  Jupiter^  the  four 
Cdoceptrick  Circles,  the  proper  Orbits  of  his  four  Sateliitesy  duly  proportion- 

2  ed 
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ed  to  the  Breadth  oF  hU  Body  ;  the  Diftances  betwixt  the  parallel  LinSefl  intef- 
feding  them,  being  each  equal  to  one  x>f  his  Semidiameters^.  -^ 

The  4  divided  Circles  next  without  thefe,  are  diftinguiflicd  into  fo  many 
Parts  as  there  are  Days  and  Hours  in  each  SateUUe*%  Revolution  \  the  inlier- 
moft  of  them  ferving  for  tht firft  or  innermoft  Satellitey  that  next  it,  for  die 
y  ;  that  next  without  this  for  the  3* ;  and  outermoft  for  the  4'**  -,  above  which 
is  a  fraall  divided  Arch  of  15  Degrees. 

By  this  to  find  the  Diftances  of  the  Satellites  from  U^  Axis  to  a  propoied 
Time. 

I,  Find  the  Paralkx  of  Jupttet^s  Orb  to  the  Time  propof^  and  note  whe- 
ther it  be  to  be  added  or  fubtrafted.  '     ' 

2  Extend  the  Thread  from  the  Center  of  the  Ii^ument  over  the  ParaOax 
numbred  in  the  fmall  Arch ;  it  cuts  oflf  in  the  four  divided  Circles,  fo  many 
Hours  as  each  Satellite  fpends  in  paflfing  from  the  Axis  of  the  Shadow  to  the 
Jxis  of  ¥  viewed  from  our  Eardi ;  thefe  I  call  the  finiple  SaraUaSick  Inter- 
jvals^  which  if  the  Parallax  was  to  be  added,  are  alfo  Additional^  if  to  befub- 
traited,  Subduftive. 

3.  To  thefe  parallaSick  Intervals  add  the  Times  of  half  the  Duration*  of 
the  Eclipfe  of  each  Satellite^  which  for  the  iji  mav  be  affuiped  i^- 10' ;  for  the 
nd.  i"*  30',  (greater  Exaftnefs  being  needlefs'-,  )  out  for  the  id  and  ^b  when 
Edipjed^  (their  Immerfim  into  the  Shadow  and  Emerfton  from  it  being  com- 
monly given- in  the  Catalogues)  take  half  the,  DiflFerence  of  thefe  Times  at  the 
next  Eclipfe  to  the  Time  propofed  for  half  the  Duration,  and  add  them  to  the 
fimple  parallailick  Intervals^  fo  have  yoii  them  augmented.  But  as  often  as 
the  4th  Satellite  is  not  EcUpfed^  (which  is  two  Years  b  every  fix)  its  Interval 
needs  no  Augmentation. 

4.  Find  in  the  Tables  the  Times  of  the  EcUpfes  of  each  Satellite  next  prece- 
ding the  Time  propofed,  and  when  the  4th  is  not  edipfedy  of  its  pafling  the 
Axis  of  the  Shadow ;  to  which  if  the  paraBaSiek  Intervals  augmented  were 
Additional,  add  them  to,  if  Subdudive,  fubtraft  them  from,  each  the  Time  of 
its  proper  Satellite's  Edipfe  ;  fo  have  you  very  near  the  apparent  Times  when 
each  Satellite  laft  paft  over  the  Axis  of  X  viewed  from  our  Earth. 

5.  Subtraft  each  of  the  Times  thus  got  from  the  Time  propofed,  the  Re- 
mainders are  the  Intervals  of  the  Motion  of  each  Satellite  from  %'s  Axis. 

6.  Extend  the  Thread  from  the  Center,  over  each  of  thefe  Intervals  of  Mo- 
tion numbred  feverally  in  the  divided  Circles,  belonging  each  to' its  proper 
Satellite  ;  where  it  cuts  the  proper  Orbit  of  that  Satellite^  whofe  Interval  was 
numbred  in  its  peculiar  Circle^  it  fhews  amongft  the  Parallels  how  many  Semi- 
diameters  of  X  that  Satellite  is  diftant  from  him,  and  on  which  fide  of  him 
'tis  pofited. 

Note  further,  that  the  Thread  as  it  lay  extended  over  the  Parallax  of  the 
Orb  numbred  in  the  fmall  Arch,  where  it  cut  the  fcveral  proper  Orbits  of  each 
Satellite  J  (hewed  amongft  the  Parallels,  how  many  Semidiameters  of  V  the 
Center  of  the  Shadow  w$s  diftant  fcom  the  Center  of  V,  viewed  iironi  our 

Earth: 


/ 
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Earth :  And  that  if  the  Parallax  oi  the  Ori  were  Additional,  the  Shadow  Kei 
on  the  Right-hand  from  V,  if  SubdudHvc,  on  the  Left. 

To  explain  thcfe  Precepts,  I  (hall  give  two  brief  Examples.  Let  it  be  then 
propofedto  know,  -how  far  each  SaleUUe  i^pears  dtftant  from  U  on  the  26th 
of  Det.  this  prefent  Year  1685,  at  6*  52'  /.  m.  when  the  Third  Satellite  falls 
into  the  Shadow  ^  alfo  on  Jul.  16.  1686.  at  10**  00'  p.  m.  when  there  is  no 
Edipfi.^ 

An.  1685.  December  26*  16*  52'  p.  m.  the  Parallax  of  the  Orb  is  9°  20'  Ad-    F/f.  i«> 
didonal;  Therefore  i 
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Again,  !i*fc  f6i6.  Jul.  16,  ic^p.ih.  the  i^aiZi^  oF'the  (^*  isxo*  4S 

Subduftive.    Hence  " '         ,     ^     *  . 
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And  the  Satellites  ftand  at  the  two  propoied  Tirne^  as  in  the  two  Figures 
In  drawing  of  which, , though  I. have  fconfidered  thejr  Latitudes  from  the  Line 
of  their  utmoft  EhngatioHs  i^2ff\h^  thro"  yupiter^s  Center  \  yet!  give  no  Rules 
for  determining  it,  the  Contrivances  and  Direftions  nece^y  on  that  Account^ 
being  too  many  and  troublefome  to  bt  inferted  h^'  r  my  defigp  i&  only,  to 
(hew  the  ingenious  Obferver*  how  to  find  at  what  DiAance  from  It^ach  IS«- 
tellite  appears,  that  fo  he  may  not  miftake  one  for  an^i^her  when  he  is  to  ob- 
ferve  any  of  their  Eclipfes.  j 

XC.  I.  4r^  168:8.  The  French  j^rfinomrs  have  ^lade  thele  Obiervadona 
by  a  14  Foot  Tekfeope.  

O£iots  7.   10^  32'/>.  m.   The  Firfi  Satellite  (called  Pallas)  entred  upon  the 
Face  of  Jupiter. 

OSob.  8. 


C  409  ) 

The  Second  Satellite  (called  Jim)  went  out  behind  Jupiter. 
The  Secmd  Satellite  went  out  from  the  Face  of  Jupiter. 
10'*  4'.  The  Second  Satellite  entered  upon  the  Face  of  Jupiter. 


II 

54'. 


22.  10"  4  r  3  3^  The  F/>y?iS«//////^entred  into  the  Shadow  of  7Ar^/7<r. 
Tt    ^'  ^^     "'  '  '     "^        "" 


0001.  8^.  8^ 
05o*.  9.  8*" 
05(7*.  16. 
Ollot, 

OHob.  23.  8*^  32'-    The  F/>^  Satellite  entred  upon  the  Face  of  Jupiter. 
Nov.  12.  lo*"  40'.  The  Second  Satellite  entred  into  the  Shadow  of  Jupiter. 
Nov.  20.  2*"  38'  30^  After  Midnight,  the  Jbird  Satellite  (called  Tbemij) 

entred  into  the  Shadow  of  Jupiter. 

2.  jin.  1 67 1,  ^^/.  7.  New  Style,  in  the  Morning.    It  had  been  agreed  on-^'Damtick.f^ 
by  Mr.  C^ffini  at  Paris^  and  Mr.  Picard  at  Uranilmrgy  to  obfcrve  the  Occultati-^;  "f'jjjjl*-  "^ 
on  of  the  firft  Satellite  oi  Jupiter  \  wherefore  I  alfo  thought  proper  to  attend 
diligently  to  the  feme  Phenomenon.     Therefore  at  4**  27'  as  foon  as  Jupiter 
appeared,  I  found  that  all  his  Satellites  were  prefent  alfo,  three  to  the  left  Hand, 

and  one  t6  the  Right.  The  two  which  were  neareft  him  to  the  left  feemed  to 
be  not  far  from  his  Limb,  as  alfo  that  on  the  right,  which  was  the  leaA  of 
them  all.  All  four  appeared  diftinftly  almoftto  5^  7',  tho'  now  the  Heavens 
began  to  grow  blue.  At  s^  ^^^  beyond  my  Expedtation  that  nearer  So- 
tettite  on  the  left  Hand  (in  refpeft  of  my  Tube>  which  exhibits  Objeds  in  an 
kiveited  Order,)  feem'd  to  me  intiiely  to  vanifli,  the  three  others  remaining^ 
though  that  on  the  right  Hand  alfo  feem'd  to  approach  nearer  and  nearer  to 
Jitpiter.  Whether  indeed  that  was  the  very  Moment  of  the  Immerfion  of 
that  Satellite^  I  dare  not  certainly  affirm  ^  however  that  Occultation  did  not 
k4)pen  later.  But  I  can  readily  grant  that  it  might  happen  perhaps  about  a 
Mmute  fooner,  or  thereabouts. 
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17.  7**  25  Afternoon,  the  Altitude  of  Jupiter  was  is'-^DcAy.-ty 
Afternoon,  or  perhaps  one  Minute  fooner,  the  firft  Sa-  ^^'  ^^^^^•^^ 


n.  %x.  f,  4036. 


3.  jfn.  i6yi 
54'.    But  at  8*^  59;  -       .        . 

teltite  on  the  right  Hand  of  Jupiter  fell  into  his  Shadow,  and  as  he  vanifli'd 
his  Diftance  from  the  Limb  was  fo  fmall,  that  I  could  not  form  a  Judgment 
how  much  it  was. 

March  ig*  6^  45'.  The  Altitude  of  7«p//^  was  29**  35^.    The  firft  ^tf/^iZf/^i*.  4037. 
zppT03ch'd  to  the  Limb  of  Jupiter y  to  which  it  was  joyn'd  at  7*  51'. 

Ji^.  1672.  Apr.  15.  '7^  43'  in  the  Evening.    The  Altitude  of  715^1/^  wasn*9«-f'*^9- 
as'  o'.    The  firft  Satellite  appeared  to  be  about  i  of  his  Diameter  from  his 


Limb,  being  about  to  difappear  behind  him. 

Ggg 


At 


At  ff*  e  The  Altlindcof  7a?tf/€r  was  27^  ^oV.  :ife  «itcrM>(^^  his 

height  being  27"*  26'  •,  for  certamly  he  could  not  be  feen. 

^rParii,-  irfM.     4.  July  6.  Ncw  Style,  1675.  before  Midnight,  the  Hour  being  ii*  and  16'' 

camni.  n.  117.  precifeljT.    Jupiter^s  iecond  Satellite  began  to  emerge  out  of  the  Shadow  of  diis 

^* '  ^'  Planet,  which  had  obfcur'd  him. 

Fh.coi.  «.i.  5.  An.  1679.  Jun.  5.  ft.  n.  3**  ».  J  difcovered  3  Satellites  of  Jupiter:  The 
•  ?.  Ixiv.  2.  -^^C^  w^s  diftant  Weftward  of  the  Lijtnb  of  Jupiter^  a  little  lefc  dian  a  Diame- 
ter 'y  the  «9^^(?;;i  was  diftant,  on  the  Eaft-fide,  a  little  more  than  a  Diameten 
The  Third  was  more  Eaftward  than  the  Secondy  by  fomewhat  lefs  than  a  Dia- 
meter of  Jupiter. 

The E^uatfoH cf  XCI.  I.  Let  A  bc  the  5«»,  B  Jupiier^  C  the  firft  Satellite  of  Jufiter^  which 
K^mer^^^'  enteTs  into  the  5Ai»^iiw  of  Jupiter^  to  come  out  of  it  at  D  j  and  let  EFGHUC 
n^'^^l.f.  ?93.  be  the  Earth  placed  at  divers  Diftances  from  Jupiter. 

10^*^  Aa  ^^677.     ^^^  fuppofe  the  Emrtb^  being  in  L  towards  the  1^  Quadrature  of  Jufiter^ 

one,  a.  i     *  ^^  ^^^^  ^^  jp^^  Satellite  at  the  Time  of  its  Emerfion^  or  iffuing  out  rf  the 

Shadow,  in  D  ;  and  that  about  42i  Hours  after  {yi^  after  one  Revolution  of 

this  Satellite)  the  Earth  being  in  K,  doth  fee  it  returned  iD  D.i  it  is  maniifeft,  chat 

if  the  Light  require  time  to  traverle  the  Internal  LK»  the  Satellite  will  be  feen 

returned  l^er  in  D,  than  it  would  have  been  if  the  Earth  had  remained  in  L  ^ 

fo  that  the  Revolution  of  this  Satellite  being  thus  obferved  by  the  Emerjms^ 

will  be  retarded  by  fo  much  time  as  the  Light  ihall  have  taken  in  palTing  from 

L  to  K ;  and  that  on  the  contrary,  in  the  other  Quadrature  FG,  where  the 

Earth  by  approaching  goes  to  meet  the  light,  the  Revolutions  of  the  Emerjn 

ons  will  appear  to  be  fhortened  by  fo  much,  as  thofe  of  the  Emerfions  had  ^ 

peared  to  be  lengthened. 

TheTbivry  •/        This  ncw  EquatioH  of  the  Motion  of  Light,  which  hath  been  eftablifbed  by 

tdjit«*^*if    the  Royal  Academy y  and  in  the  OJervatpry  for  the  fpace  of  8  Years,  was  con- 

caffi?!.*       *   firmed  by  the  Emerjisn  of  the  Firfi  Satellite  obferv*d  at  Paris  1676.  Nov.  9* 

sep^  ad^'im!  5*  35'  45">  ^  Night,  10'  later  than  it  was  expcftcd  by  deducing  it.from  thofe 

M,  csOiaj'/    '  that  had  been  obferved  in  the  Month  of  Augujly  when  the  Earth  was  muck 

^^alfls^'^^^^^^  Jupiter: 

Firft  Satdlite 

tiS"Iu£.  XCn.  1.  M.  Caffini,  having  formed  a  new  Hypothefis  for  xh^SateVitts  of 
^#^  f 0  tb*  Jupiter^  diflferent  from  that  of  Galileo^  thinks  that  the  Plane  of  their  Orhs  is 
i/SS^rj"^  incUned  to  the  Plane  of  the  Ecliptick:  He  fettles  their  Nodes  with  the  Or^s  t^ 
^E4«.  Jupiter  towards  the  13"  of  Leo  and  Aquarius :  and  finds  that  the  OMiquity  of 
ti.%up.  ^3g.  their  Circles  to  the  Orbit  of  Jupiter  is  almoft  double  to  the  Oblipitjf  of  this 
Not.  An.  1694.  Qrbit  to  the  Ecliptick. 

.2.  M.  Cqftniy  in  the  laft  Treatife  of  a  Book,  entituPd,  Recuil  ^Olfsrvati- 
ons  fait es  en  Pkfieurs  Voyages ^  &c.  has  employed  his  Skill,  to  make  ealy  rii^ 
Calculation  of  die  Eclipfes  of  the  Firfi  Satellite  of  Jupiter^  which  is  otherwife 
operofe  even  to  the  ikilfuL  The  Tables  have  for  Principles,  that  this 
Satellite  revolves  to  the  Sun  in  i*  18**  28'  36'',  fo  precifely,  that  in  lOo 
Years  the  Difference  is  not  fenfible :  That  in  the  Time  of  the  Revolution  of 
Jupiter  to  his  Aphelion^  which  he  fuppofes  in  433Z*  14'  52'  48'',  this  Salel^ 


(  4"  ) 

Uii  makes  esadly  244^  Months  or  Kevdutiomto  the  Suh%  afid  ^vidins  the 
Orbit  of  yupifer  into  2448  parts,  he  has  in  a  large  Table  of  Equation  fccwn 
what  is  the  Inequality  of  the  Wfotion  of  Jttfiier  in  each  Revolution  reduced  to 
time;  affuming,  Tbirdfy^  iho  wrt^t^A  Equation  of  Jupiter  g;  32'  40%  whence 
ihc  hourly  Motion  of  the  Satellite  Uom  Jupiter  being  8*"  284',  it  follows  that 
the  grcateft  Inequality  iJupiteUr  pafting  the  Skns  of  Cancer  and  Capricorn)  a- 
mounts  to  39'  8"  or  Time,  to  oe  acracd  in  Cmcer^  fubtrafted  in  Capricorn. 
La^hfj  as  to  the  Epochaj  or  beginnbg  of  this  Series  of  Revolutions,  he  has  de- 
termined the /f/M^«i  of  7ff/ii^^  about  it  Degree  forwarder  than  Jfironomia 
Carolina^  and  above  two  Degrees  more  than  the  Rudolf  bine  Tables,  viz.  pre.- 
rifely  in  9°  of  Uira^  in  the  beginning  of  this  Century;  which  perhaps  he 
finds  the  proper  Motion  of  Jupiter  zbc^t  the  Sun  at  this  Time  to  require :  and 
the  Number  of  Rcvdhitions,  fince  Jupiter  was  laft  in  Perihelio^  is  here  ftiled 
Hum.  I. 

A  fecond  Inequality  is  that  which  depends  on  the  Diftance  of  the  Sun  from 
Jt^iterj  which  he  fays  Mr.  Romer  did  moft  ingenioufly  explain  by  the  Hypo- 
thefis  of  the  Motion  of  Light ;  to  which  yet  ujffini  by  his  manner  of  Calculus 
fecms  not  to  affent,  tho'  it  be  hard  to  imagine  how  thie  Eartl^s  Pofition  in  re- 
fpcft  of  Jupiter  fhouW  any  way  affeft  the  Motion  of  the  Satellites.    This  Ine- 
quality be  makes  to  amount  to  two  Degrees  in  the  Satellite's  Motion;  or  14' 
10"  of  Time  ;  wher^n  hefuppofes  the  E^UpJes  to  happen  fo  much  fooner  when 
Jupiter  oppofes  the  jy«»,  than  when  he  is  in  Conjunftion  with  him.    The  Di- 
ftribution  of  this  Inequality  he  makes  whoDy  to  depend  on  the  Angle  at  the  Sun 
between  the  Earth  and  Jupiter ^  without  any  Regard  to  the  Excentricity  of  Ju- 
piter, (who  is  fometimcs  i  a  Semidiameter  of  the  Earth's  Orb  farther  from  the 
Sun  tfaim  at  other  times)  which  would  occafion  a  much  greater  Difference  than 
the  Inequality  of  Jupiter  and  the  Earth's  Motion ;  both  of  which  are  accounted 
for  in  thefe  Tables  with  great  Skill  and  Addrefs.    But  what  is  moftftrangc, 
he  affirms  that  the  fahi^e  Inequality  of  two  Degrees  in  the  Motion,  is  likewife 
found  in  the  other  Sdfellites^  requnring  a  much  greater  Time ;  as  above  two 
Hours  in  the  4^  Satellite:  winch  if  it  appeared  by  Obfervation  would  over- 
throw M.  Romer's  Hypothefis  entirely,  let  1  doubt  not  herein  to  make  it  dc- 
monftratively  plain,  that  the  Hypothefis  of  the  Progreffive  Motion  of  Light  is  tm.  Stp.  ^ 
found  in  all  the  otheif  Satellites  of  Jupiter  to  be  neceulry,  and  that  it  is  the  fame  ^^ 
in  all;  diere  being  nothing  near  To  gncat  an  Annual  Inequality  as  M.  Cajini 
fuppofes  in  their  Motions,  by  his  Table,  p.  9.  and  his  Pracepta  Calculi.     The 
Method  however  uf(jd  to  computq  this,  is  very  curious ;  for  having  found  that 
whilft  the5tf»  revolves  iojupiter  there  pafs  398*  29*  1 3',  wherein  are  made  225  J 
Revolutions  of  the  Satellite  of  Jupiter,  the  Number  of  Revolutions  fince  Jupiter 
was  laft  in  Oppofitioi  to  the  Stw^  is  what  he  calls  Num.  II.  in  which  the  Ine- 
quality of  the  Earth^s  Motion  is  allowed  for  in  the  Months,  and  that  of  7«- 
piter's  Ob  by  a  Table  of  the  Equation  of  Num.  11.  amounting  in  all  to  3^  Revo- 
lutions of  the  Satellite  to  Jupiter.    This  in  the  Tables  following  I  have  thought 
fit  to  leave  out,  fhewlng  how  to  find  it  by  the  help  of  the  former  Equation 
of  Num.  I.    The  ^inbers  are  in  eSed:  the  lame  wich  M.  Cajftni\  only  re- 
duced to  our  Style  and  Meridiani  and  the  form  of  them  abridged,  and,  it's 
hoped,  amended. 

G  g  g  2  Epochs 
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Epocbs  of  the  Revolutions  oftbefirft  Satellite  to  the  Stadofo> 
of  Jupiter,  under  tbe  MeriJian  rf  London. 


In  ibi 

1 

|; 

Jolian 

Tear 

• 

• 

cutrettt. 

HH 

« 

d.  h.  '  " 

1660 

on  5  48 

968 

200  6 

1661 

0  I  17  24 

1 174 

181  2 

1662 

I  9  57  36 

1381 

162  2 

1663 

I  00  9  12 

15^7 

143  5 

1664 

I  8  49  24 

1794 

125  I 

1665 

0  23  I  00 

2000 

105  7 

1666 

0  13   12  36 

2206 

,  86  4 

1667 

0  3  24  12 

2412 

67  Q 

1668 

0  12  4  24 

171   48  6\ 

1669 

0   2  16  00 

377 

29  2 

1670 

I  10  56   12 

584 

10  9 

1671 

II   7  48 

790 

216  9 

1672 

I   9  48  00 

997 

»98  5 

1673 

0  23  59  36 

1203 

179  I 

1674 

0  14  II  12 

1409 

159  7 

1675 

0   4  22  48 

1615 

140  3 

1676 

0  13   3  00 

1822 

121  9 

1677 

0  3  14  36 

2028 

102  5 

1678 

I  II  54  48 

2235 

84  1 

1679 

I  2  6  24 

2441 

64  7 

1680 

I  10  46  36 

200 

464 

168 1 

I  00  58  12 

406 

27  0 

1682 

0  15   9  48 

6l2 

7^ 

1683 

0  5  21  24 

818 

213  6 

1684 

0  14   13^ 

1025 

19,5  3 

1685 

0  4  13  12 

12^1 

^75   9 

1686 

I  12  53   24 

1438 

157  5 

'?2 

1  3  5  00 

1644 

138  J 

1688 

I  II  45  12 

185I 

119  7 

1689 

I  I  56  48 

2057 

100  4 

. 

Ef^hf 
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Mf^bs  if  the  tUvoktms  of  tbefirfi  Satellite  U  the  Sbadam 
ij/*  Jupiter,  under  the  Meridian  ofLondoa. 


In  the 

^ 

2:  \ 

Julian 

i 

Tear 

^ 

•   1 

Cur:  ' 

• 

II. 

• 

d-h.  '  /' 

1690 

0 

^  8  24 

2263 

81  0 

1691 

0 

6  20  00 

3« 

61  6 

1692 

0 

15  00  12 

228 

43  3 

1693 

0 

5  i^  48 

434 

23  9 

1694 

I 

13  52  00 

641 

5  5 

1695 

I 

4  3  36 

847 

211  5 

1696 

I 

12  43  48 

1054 

^93   I 

1697 

I 

2  55   24 

1260 

ns  7 

1698 

0 

17  7  00 

1466 

154  4 

1699 

0 

7  18  36 

1672 

135  0 

1700 

0 

15  58  48 

1879 

116  6 

1 701 

0 

0  10  24 

2085 

97  3 

1702 

I 

14  50  36 

2292 

78  9 

^703 

I 

5  2  12 

50 

59  5 

1704 

I 

13  42  24 

257 

41  1 

1705 

I 

3  54  00 

463 

21  8 

1706 

0 

18  5  36 

669 

2  4 

1707 

0 

8  17  12 

875 

208  4 

1708 

0 

16  57  24 

10S2 

1900 

1709 

0 

7  9  00 

1288 

170  0 

171O 

I 

15  49  12 

1495 

»52  3 

I7II 

I 

6  00  48 

1701 

132  9 

1712 

I 

X4  41  00 

1908 

"4  5 

^7^3 

I 

4  52  36 

2114 

95   I 

1714 

0 

19  4  12 

2320 

75  8 

^715 

0 

9  15  48 

78 

564 

^716 

0 

17  56  00 

285 

380 

17^7 

0 

8  7  36 

491 

18  6 

1718 

I 

16  47  48 

698 

03 

1719 

I 

6  59  24 

904 

206  3 

1720 

I 

«5  39  3^ 

IIII 

1879 

'^T«^' 
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A  table  of  the  Revohtions  of  tbefirft  Satellite  </ Jupiter  in  •  Tear. 


January. 

f^.L 

y.ll 

Adarcbi       1 

N.L. 

Mill. 

d.  h.  '   " 

d.  h.  '  " 

O  0   O   0 

0 

0  0 

1  4  »2  24 

34 

J4  8 

I  i8  28  36 

I 

I  0 

2  22  41  00 

35 

35  « 

3  »2  57  »* 

2 

2  I 

4  17  9.36 

36 

36  8 

5  7  25  48 

3 

3  I 

6  II  38  12 

37 

37  9  • 

7  I  54  H 

4 

4  I 

8  -6  6  48 

38 

38  9 

8  20  23  00 

5 

^  ^ 

10  00  35  24 

39 

39  9 

10  14  51  36 

6 

6  2 

II  19  4  00 

40 

40  9 

12   9  20  12 

7 

7  2' 

13  »3  3*  36 

41 

41  9 

14   3  48  48 

8 

8  2 

15  8  r  12 

42 

42  9 

15  22  17  24 

9 

9  3 

17  2  29  48 

43 

♦3  9 

17  16  46  00 

10 

lO  3 

18  20  58  24 

44 

44  9 

19  II  14  36 

II 

"  3 

20  15  «7  00 

45 

45  9 

21   5  43  12 

12 

12  3 

22  9  55  36 

46 

46  9 

23  00  II  48 

13 

13  4 

24  4  24  12 

47 

47  9 

24  18  40  24 

14 

14  4 

25  £2  52  48 

48 

48  9 

26  13   9  00 

»5 

'5  4 

27  17  21  24 

49 

49  9 

28  7  37  36 

16 

165 

29  n  50  00 

50 

50  9 

30   2   6  12 

.17 

'7  5 

31  6  i8  36 

51 

51  9 

31  20  34  48 

18 

18  5 

February. 

/ipril. 

0  20  34  48 

18 

18  5 

0    6  ig  36 

51 

51  9 

2  15  3  24 

19 

19  6 

2  00  47  12 

52 

52  9 

4  19  32  00 

20 

20  6 

3  19  15  48 

53 

53  9 

6  4  00  36 

2Z 

21  6 

5  13-44  24 

54 

54  9 

7  22  29  12 

22 

22  6 

7  8  13  00 

55 

55  9 

9  16  57  48 

23 

23  7 

9  2  41  36 

56 

56  9 

II  II  26  24 

24 

24  7 

fo  21  10  12 

57 

57  9 

13  5  BS  00 

25 

25  7 

12  15  38  48 

58 

58  9 

15  00  23  36 

26 

26  7 

14  10  7  24 

59 

59  9 

16-18  52  12 

27 

27  7 

16    4  36  00 

60 

60  b 

i8  13  20  48 

28 

287 

ty  23    4  3« 

61 

61  8 

20  7  49  «4 

29 

29  7 

19  17  33  12 

62 

62  8 

22.   2  18  OC 

30 

30  8 

21  12  I  48 

63 

63  8 

23  20  46  36 

31 

3«  8 

*3  6  30  34 

64 

64  8 

25  15  15  12 

32 

32  8 

25  00  59  o<J 

65 

657 

}7    9  43  48 

33 

S3   8 

26  19  27  36 

66 

66  7 

1 

28  13  56  12 

67 

677 

30  8  24  48 

68 

68  6 

ATaHi 
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Mi-j. 

N.L 

N.ii: 

J'ify. 

N.L 

v.  u; 

d.  h.  '   ' 

h.  d.  '  " 

o  8  24  48 

68 

68  6 

I  7  5  48 

103 

102  5 

2  2  53  24 

69 

69  6 

3  I  34  24 

104 

103  5 

3  3l  2X  00 

70 

70  6 

4  20  3  00 

105 

104  4 

5  15  50  36 

71 

7t  6 

6  14  31  36 

106 

105  4 

7  10  19  12 

72 

72  5 

8  9  00  12 

107 

106  5 

9  4  47  48 

73 

73  5 

10  3  28  48 

108 

107  3 

10  23  i^  24 

74 

74  5 

It  31  57  24 

109 

108  3 

12  17  45  00 

75 

75  5 

13  16  26  00 

no 

109  3 

14  12  JJ  36 

76 

764 

15  »o  54  36 

III 

no  2 

17  5  23  I? 

112 

III  2 

i6  6  42  12 

77 

77  4 

18  23  51  48 

"3 

112  2 

18  I  10  4S 

78 

7«  4 

20  18  20  24 

114 

113  1 

19  19  39  24 

79 

79  3 

22  12  49  00 

"5 

114  1 

21  14  8  00 

80 

80  3 

24   7  17  36 

116 

115  1 

23  08  36  36 

81 

8»  3 

25  3  5  »a 

82 

82  3 

26   I  46  12 

117 

116  0 

26  21  33  48 

83 

833 

27  20  14  48 

ii§ 

117  0 

28  16  2  24 

84 

84  2 

29  14  43  24 

119 

118  0 

30  10  31  00 

85 

85  « 

31   9  12  00 

120 

119  0 

June. 

^^a)». 

1  4  59  36 

86 

86  I 

0  9  12  00 

120 

119  0 

2  23  28  12 

87 

57  ' 

2  3  40  36 

121 

119  9 

4  17  5^  48 

88 

88  0 

0  22   9  12 

122 

120  9 

6  12  25  24 

89 

89  Q 

5  16  37  48 
7  It  6  24 

123 
124 

121  9 

122  9 

123  8 

8  6  54  00 

90 

90  0 

9  5  35  00 

125 

10   I  22  36 

91 

90  9 

II  00  3  36 

126 

124  8 

II  19  51  12 

92 

91  9 

12  18  32  12 

127 

1258 

13  18  19  48 

93 

92  9 

14  13  00  48 

128 

126  8 

15  8  48  24 

94 

93  8 

16  7  29  24 

129 

127  7 

17  3  »7  00 

95 

94  8 

18  1  58  00 

130 

128  7 

18  21  45  36 

96 

95  7 

19  20  26  36 

i3» 

129  7 

20  16  14  12 

97 

96  .7 

21  14  55   12 

«32 

130  7 

22  10  42  48 

98 

97  7 

23  9  as  48 

133 

131  7 

24  5  i»  *4 

99 

98  6 

■5    3  5«  24 

134 

132  7 

»5  a3  40  00 

100 

^b 

26  22  21  00 

i?5 

133  6 

27  18  8  36 

lot 

lOQ  6 

28  16  49  36 

136 

134  6 

1 

30  II  18  12 

w 

i3i5  ^ 

29  12  p    12 

102 

loi  a 

4TaVif 
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A  Taile  ef  the  RntbiAms  of  thefirft  SaielKteg/JiyiterfO  a  Tuar. 


September. 

Ml. 

AT,  II. 

November. 

N.i. 

iviii: 

d.  h.  '  " 

d.  h.  '  " 

J  5  46  48 

138 

136  6 

0  9  59  12 

17.2 

170  7 

3  00  15  24 

139 

•37  6 

2  4  27  48 

»73 

171  8 

4  18  44  00 

140 

138  6 

3  22  56  24 

174 

172  8 

6  13  J2  36 

141 

139  6 

5  17  25  00 

^75 

'73   8 

8  7  41  12 

142 
H3 

140  6 

141  5 

7  »«  53  36 

lyt 

174  8 
'75  9 

10   2   9  48 

9  6  22  12 

177 

11  20  38  24 

144 

142  5 

II  00  50  48 

178 

176  9 

'3  15  7  00 

145 

143  5 

12  19  19  24 

179 

177  9 

»5  9  35  36 

.46 

144  5 

14  13  48  00 

180 

178  9 

145  5 

16  8  16  36 

181 
182 

;8o  0 
181  0 

17  4  4  12 

147 

18  »  45  12 

18  22  32  48 

148 

J46  5 

19  21  13  48 

18? 

182  0 

20  17  I  24 

149 

147  5 

21  15  42  24 

184 

(83  0 

22  II  30  00 

150 

148  5 

149  5 

23  10  II  00 

.85 

184  0 

185  » 

«4  5  58  36 

«5» 

25  4  39  36 

186 

26  00  27  12 

•52 

^150  5 

26  23  8  12 

187 

186  I 

27  18 '55  48 

153 

i5»  5 

28  17  36  48 

i8b 

187  2 

29  13  24  24 

154 

'52  5 

30  12  5  24 

189 

188  2 

•  OSober. 

I  7  53  00 

^55 

'53  5 

0  12  5  24 

189 

(88  2 

3   2  2t  36 

15O 

154  5 

2  6  34  00 

190 

(89  2 

4  20  50  12 

157 

155  5 

4  X  2  36 

191 

190  3 

6  15  18  48 

158 

156  5 

5  19  3'  12 

192 

i9»  3 

8  9  47  27 

>59 
1 60 

157  5 

7  13  59  48 

193 
194 

192  3 
093^4 

10  4  16  00 

•58  5 

9  8  28  24 

II  22  44  36 

r6i 

159  5 

II  2  57  00 

195 

194  4 

13  17  »3  »2 

162 

»6o  5 

12  21  25  36 

196 

195  5 

15  .11  41  48 

163 

161  6 

14  15  54  12 

197 

196  5 

17  6   10  24 

164 

162  6 

16  10  22  48 

198 
199 

197  e 

198  6 

19  00  39  QO 

165 

163  6 

18  4  51  24 

20  19   7  36 

166 

164  6 

19. 23  20  00 

200 

199  7 

22  13.36  12 

167 

165  6 

21  17  48  36 

201 

200  7 

201  8 

44  8  448 

168 

i<^6  6 

23  12  17  12 

«02 
203 

26  a  33  24 

169 

i67  7 

25  6  45  48 

201  8 

S7  21   2  00 

170 

1 68  7 

27   I  14  24 

204 

203  9 

«9  15  30  36 

171 

169  7 

28  19  43  00 

205 

204  9 

31   9  59  lt2 

172 

I21Z 

30  14  II  36 

206 

4C6  0 

^r«to 


ATtiuitUfrf^'BipMitm  o/tBe  CmjanShmoftheJirfiBasaeSSkt  with  Jt^kcr. 


Vot.  I. 


10 

:so 
3P 

SO 


6    16 

'9 

20 

lOQjIO     25 
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(  420  i 

Frmihfi  Tables^  to  a»y  given  Teary  Month  rndDafi  tofinitbinestfM^Uffi 
of  tbeFirft  Satellite  of  Jupiter,  proceed  tbus.^ 

1.  In  the  Table  of  the  Epocb^e  find  the  Year  of  <nir  Lord,  and  frt  down 
the  Day,  Hours,  Minutes  and  Seconds,  with  iVSww.  I.  and  Num.  IL  thereto 
annex'd ;  and  in  the  Table  of  Revolutions,  feek  the  Month,  and  Da^  of 
the  Month,  with  the  Hours  and  Minutes,  and  Num.  l.  and  Num.  II,  amx'd, 
and  add  them  together  f  and  the  refpcftive  Sums  fliall  ftiew  the  mean  Time 
of  the  middle  of  the  Eclipfe  fought,  with  Num.  I.  and  Numll.  required.  But 
it  muft  be  obfcrved,  that  in  Jan,  and  Feb.  hi  the  Leap  liar^  one  Day  is  to 
be  added  to  the  Day  thus  found*  ! 

2.  If  Num.  I.  be  found  Icfs  than  1224,  with  Num.  I.  dr  if  greater  than 
2448,  fubtraaing  2448,  thereftom,  with  the  itefidue  enter  th€  Table,  and 
you  will  have  the  firll  ^Equation  to  be  added  to  the  mean  Time  before  found. 
But  if  Num.  I.  be  lefs  than  2448,  but  greater  than  1224,!  fubtraA  it  from 
2448,  and  entring  th6  fame  Table  with  the  Remainder,  you  fliall  -have  the 
firft  -Equation  to  be  fubtraflred  from  the  mean  Time.  ^Then  divide  the 
Minutra  of  the  faid  firft  -Equadon  by  11,  or  rather  S*,  and  the  ^/^  fliall 
be  the  ^uation  of  Num.  IL  (arifwering  to  the  Eccentrick  Motion  of  Jufiter) 
to  be  added  thereto  when  the  firft  ^uation  fubtrafb,  and  i  contra  fubcraded 
when  that  adds. 

3.  If  Num.  U.  thus  asquated  exceed  225,4  fubtrafi:  225^  therefi^m; 
and  if  the  Remainder  or  Num.  11.  be  ieis  than  113,  with  tl^e  ftsd  Remainder 
or  Number  i  or  if  greater  thai  113,  ynxH  the  G)mplctoient  cheretf  to 
225,4*  feek  in  the  Table  the  fecond  ^uation  1  which  beik^  kidded  to  die 
Time  before  found,  gives  the  true  Time  of  the  middle  (rf*  the  Ectipfe. 

4.  Widi  Num,  I.  feek  the  half  Continuance  of  the  Total  Ec^,  wludi 
is  to  be  added  for  the  Emer/ldn^  when  the  aequated  Nmif.  H.  is  lefs  than 
113,  of  if  more  than  225,4,  it  be  lefs  than  238.  But  if  it  exceed  113,  or 
338,  then  is  the  Stnumora  to  be  fubtraAed  for  the  Immerjbm^ 

rid.  A*.  5-  Laftly*  With  the  Swfs  true  Place  take  out  the  ^Equation  oF  Natural 

I  xxu.        Days,  which  added  or  fubtrafted  according  to  the  Title^  gpives  the  Time  of 

the  Immerjion  or  Emerjhn  fought. 
Now  how  few  Figures  ferve  for  this  Computation,  will  beft  appear  by  an 

Example. 


-A.  1677. 


(  4ti  ) 

At.  1677. 17.  •*  9'  4D''tOrempieb,  Mr.  FtamfUei  tAArttA.  ibcjirjl  Sih 
nOKf  to  b^  to  MMripri  that  is  8'  9'  26%  atZ<aMiM. 


1677. 


d. 

h.    '    " 

N.I. 

N.n. 

0 

3    14  36 

2028 

I02,    5 

>7 

4      4  12 

147 

145.  5 

5ip^     17    7    18  46        2175    248,  o 
\  I.—         26  II        2448        2,  3 


jEquat.2.iy    6    5237  273    250,   3 

+    0      r  39  225,  4  J 

Sendmora  4-     i      7  oq  ■ 

■     '  «4»    9 

JBfiM/TiVw  17     8       I  16     11)    26,  2  (2»  3 
Equaficn      +    o      9  25     0  ia  csi    5%  00' 

Appanm.  T.   17     8     10  41 
O^fx.  00    8      9  20 

J&r^A    .  I  21 

An  Immer^  oi  this  SatelUif  being  computed  after  the  fame  manner  ac- 
cordiog  to  thele  Tables,  ought  to  have  happened,  An.  1683.  Nw.  30. 
16'  52'  7"}  but  I  oWcrv'd  it  at  16**  48'  40"^  fo  that  the  Error  was, 
-/  27\       . 

Again,  M.  Caffini  obferved  an  Emer/km  at  Vms^  An.  1693,  Jm.  14'  10^ 
ifi  %%"%  that  is,  at  Z.a«^  10^  30'  48",  which  chefe  TaUes  ^ve  at  10^ 
30'  39''  *»  and  .therefore  the  Error  was  no  more  than  +9''* 

Alter  this  manner  I  have  compared  thefe  Tables  with  many  good  and  certain 
Obfenr^ions,  and  fcarce  ever  find  them  err  above  3  or  4  Minutes  of 
Time;  which  Errors  are  exceeding  fmalltn  conqxuifon of  the  Hiort  Time 
that  the  SauUites  have  been  diicover'd. 

In  the  Conftrudion  of  the  Table,  which  (hews  the  half  Continuance  of 
thefe  EcUfjis^  the  Semidiameter  of  the  Shadow  of  Jupiter  is  made  by  Ca£m 
juft  IP  DqK*  and  that  of  the  SaUlUie  qo'  s  and  the  SaielUte's  afienSng  Uodt  be- 

S\  fupjDOled  in  15*  of  Aquarius j  at  the  end  of  this  Centurv  (that  is  55*"  20' 
ore  the  PeribeUm  of  Jupiter)  it  will  dience  follow,  tnat  Num.  I.  being 
116,  or  2102;  Jupiter  pailes  the  Nodes  of  the  Satellite* s  Orb,  and  confe* 
quendy  thefe  EcUpfes  are  Central,  and  of  the  greaceft  Duration.  But  Num. 
L  being  215,  or  148 1,  the  Satellite  paflcs  the  Shadow  with  the  greateft 
ObGquity,  viz.  2''  55'  from  the  Center  ^  whence  the  Semimara  becomes  of 
all  the  fhorteft. 

3.  The  Tables  of  the  other  three  Saiettites  not  being  fo  perfeft  or  cxadg"^*;;^! 
as  thofe  of  the  firft,  are  here  given  in  another  Form.    The  Periods   oijkf.%ii. 
their  Revolutions  to  Jupiter^  %  Shade  are  as  follow. 

a 

Period. 


(  4«»  ) 

PerioL  Secundi      .>.g  •  ^3     V]    5*      jf/w  ftti^WtovPrimi.  "- 
'Period.  Tertii  7       3     59     39     22^^  4Vr    ^«^-  Primi. 

P^r/W.  Quarti  .1!  '46   .18      5      ^     5ojft;#49TV    /^w'.  Primi. 
-    .'.'.M    0-  '••  :  •    '  •';\*  * 

Whence  the  Table  rf  the  Firft  JEqwtion  of. the  W^  Satdlite^  or  Nt 
C^ffini*^  larger  Tabler-Hiay  by  an  eafjr  ftcdwSfcion  fcrve  the  other  three  1  the 
^Equation  of  the  'id  ,h^m%  2  .t,  or  t^ioe  the  Miliutei  with  half  fo  many 
Seconds  as  there  are  Minutes  in  the  .^Equation  of  tte  'Fhfi^  and  the  greateft 
Equation  thereof-  *^-i*'  ^5".  -ffiqtKttion-of  thc^rf  is  4  ^  times  greater 
than  that  of  the  JFl>A.  an4  when  great^ft  amouhteA  to  2* -29'.  And  the 
Equation  of  the  4/A  being  9/3.  times  that  of  the  Firft^  is  had  by  fiibtrac- 
ting  i  and  f  from  *«o-titnes  the  Equation  of  the  tHrft^  i^^nce  the  greateft 
becomes  6**  10'  26'' :  fo  that  Num.  I.  and  Nvm.  11.  as  here  colleftcd  for  the 
Firft^  may  indifferently  *ferv3e  all  the  reft. 
M  Rpmer'i  4.  As  to  the  Sccond  ;-3E<naariQfi  of  tiiA*  other  SauUites^  M.  Caffim  has,  by 
ijj^D^did.  his  Pracepta  Calculi  (as  is  before  mentioned)  foppofed  the  Mbutes  thereof  to 
md.p.  254.  be  increafed  in  the  fame  Proportion^  as  iiklead  of  14'  10"  in  the  Firfi  to  be 
^^^^'^'  28'  27"  in  t\it  Second,  5/  22"  in  the  Uird,  and  nolefsthan  2*^  14'  7''in 
the  Fourth ;  whereas  if  this  Second  Inequality  did  proceed  from  the  fiic- 
cefTive  Propagation  of  Light,  this  .Equation  ought  to  be  the  fame  in  all  of 
them,  which  M.  C^j^/  fays,  was  wanting  to  be  mewnj  to  'pdlftStyLBSHke9^% 
Demohftration :  wherefore  he  has  rej^fted  it  as  ill  founded.  But  tkefc^i 
good  CauDe  to  believe,  that  bis  Motive  thereto  is  what  Ke  has  tfibu^  tsk 
proper  to  difcover.  And  the  following  Obfcrvations  do  fufficiendy^  ^^|^ 
the  D^e<a  complained  of  in  the  making  out  of  that  Hypothcfi^.      '•^- 

\An.  J676,  Oa.  ft.  n,  6*  10'  37%  App.  but  5^  59'  3/',  £jA»/yW;  Mb 
Caffini  at  Paris  obfervcd  the  Em&fi^  of  the  ^dSattUk^ftom  yupiiif^s^Sluii€m. 
And  again  iVw.  I4.  foHowing  6*"    20'  ssf-  App.  Hme,  tut  6*  5^  $fy  Eq. 
Time,  he  obfervcd  the  like  Emef fion  of  the  fame  Satellite.    The  dbfefml 
Incervd  of  Time  between  jfehefe  Etnerfionsyfna  43*  o^  6'  1^",  which  b  W  ^"f 
more  than  6  Mean  Revolutions  of  this  SaUUitt,  of  which' 4'  2/'  arife  fitom 
'         the  Difftreftce  of  the  Firft  Equation,  arfd  the  greater  Cofttihuanoe  of  tte  liktecr 
Ectipfei  fo  that  the  other  4  Mifiot^  is  all- that  is  Irft  to  anfwo-  for  tfie'-Ufl^ 
fercnce  of  the  2d  -^udtkmsand  Nuwtk  11.  in  that  Time  increafing  fmm  4S 
to  72,  gives  4'  36"  fdr  the  Difffefeiwe  of  the  2d  -Equations  of  the  i*jl  .i 
SaPeiUtei    So  th«  here  the  5^  Jfojuatten  of  the  Third  is  found  rather  lA  j 
thaw  that  of  the  //Vy?-,  fckit  the  Diflference  is  fo  fmallthat  k  may  rdrfief  bb  1 
attributed  to  the  Uncertainty  of  Gbfervation :    Whereas   accbrdfaig  to  K£ 
C#i^*s  IVfetficki  of  Cakuktifig,  inftead  of  fqur  Minutes  it^ought  to  be  r8'  38**t  a 
and  the  IiHtei^^^i  of  thrier  two  Enirfimt  43**  o"^  ft!',  exceeding  the  Time  6b=-  1 
ferved  by  a  whole  Quarter  of  an  Hour ;  which  that  curious  Obferver  could  not  \ 
be  deceived  in.  'J    -  •  J 

The  fifcei  appe?ars  yet  mort  evidently  •  w  the  Ftntrth  Satellite.  By  the  Obfer-  j 
vations  of  Mr.  Flamfteed  die  Greenwith;,  An,  t6iZ'  Sept.  24.  17"*  45^,  T.  i 
App.  but  17''  32',  Tl  £j.  the  Fourth  Satellite  was  feen  newly  come  out  of  the 

2  Shadow} 


t  4*1  > 

Shfl^owi  lbltet4>W?:i7^^»  ^<^^.  the  ficft  bcgJH^ntiig  ^ JEnfii^  im* 

coaicfturodi  and  rfter  j^  Revalutiw  IkcmK  ij^  ix*"  iS'.or  ii^  iS'; 
f,  ^  ie  agaia 
tmcrge^  that : 


fivfoicaoRevoIuUQnp 41x83;^^  iS*:^^^; 

for  t^if.  the  fcypral ^lieq^ajities-  Pf  tt^  zi'  ifjdue.to^tl^e  firft.;^uati^^^^ 
wWcK,  is  redvccdi  to  iV*  bF  ^  Gfc^tjcr  Contiaujince  0/ the  latter  ££%?»•  7^^ . 
jKt^  then  appro^chi^jg  to  his  Defending  ^^^; ;  SQ:th^t  there Temaips  only. 
18' t  for  -th^  Pi|ref€»fie,,oif  the  ^^^ui^^ioos,  whilft  the  Earth  approached;  ' 
Jupitef,  by  jgiore  tim  the.  JR4<^.  of  its  own  Oi^b : ,  an4,  the  Differeijoe  pf  the » 
a'  iEqjj(atiQUS  of  the  Fir^,Saietlia^^  being  according  to  Cafm  8'.  30'"*  the  fiMd^ 
DifiercnoB  HI  the-FW/^  owght^9;b^-i\  inftead  of  18' j^^  whence  the:         ,  .,., 

Interval  of  thefe  two  Emerfions  would  be,  according  to  his  Precepc?,  but  I3**, 

whole  a'*-^qu^tioa.ag'  00%  which Hn.CfJ^i  has. diminilhed  to.  14'. 'i< ^  fo; 

that  ipftead  o^  SI'^.'!^.R/?mr  alk}wsx3';aad;iecQndly,  that  in  the  firftof- 

theie  Obiervatioii3,>  bf^ing  ajbdu(;'^ailif.4n  Hour  b€;f<]^e.  Sua  rile,,,  the^^^^ 

of  the  Morning  might  well  hinder  the  feeing  of  this  imz&<:Q:  aaji  ilawcft ^-rr.       ..,  .  « 

tdlUe^  ^fu^h  xiffifi  fi$  %£ood  {i^rt  ^/eojf  was  Ewergfd 

XCm.  Havipft  a.  gfG»at  dcfirei.  to.  obferve  the  Body,  of  Marsi  whilft  yf-r*^  pa^A#«4 
{  and.  i?^/r^^r4^^  XJwiYH^ft  ft>Wer^  a.Glafs  about  12  FTOt.long,^^'*j]J*»'^'/^ 

d  lonxc  kiii4  of  (Spirts  in  A^  thoV  it  was  not  in  thp  Pa^i^^Axisl'fyDr' 

^^f  itfi  Ojts  bufr.A^rfer  it$j4pk^ii^^0  ye.ti found  that  the. Face  of  it,^^J^;       ^ 
when  near  its  oppofition  to  the  Sun  (with  a  Charge,  the  36  l^oot  Glafs,  I»!  14!  p.  239. 
made  ufe  of,  would  well  bear)  appeared  very  near  as  big,  as  that  of  the  Moon***''  ^°*  '^^^• 
to  the  naked  Eye. .  .  /:;./  ;  :  .     '  .'     '       \  ...».-'. 

But  luigh  had  been-  the  ill  DifpeJiiiiQa  Qf.th^Akfqc  feveral  NightSi*  that-        .     ;  .^ 
&01D  cfiore  thai)  20  Pbfervatioi^:of  it,  which  I  h^d  niade.fuice  its  being  Re-       .  /^ !, 
fregrade^  I  cpuld.  f^nd^  nothing  0^  &t;iafaAion^  tbo'  I  ohen  im^^ined  I  faw 
Spots  ;   yet  the  infledive  Veins  of  the  Air  (if  I  may  fo  ga,ll  thqfe  parts,  which 
bc^ig  int^%ers*d  up  and  down  i;i.  it,.  We.- a  greater -or  lefs  Refraftive  flower       )    , 
f^  th^  Air  next:  aqioi9ing,  with  which  thay  are  mix'd)  did  m^e .  it.  {q  con^ 
bled  ao^igiarinO)^  that  I  could  not  conclude  upon,  any  thing.  :  « 

Oh  the  3'*of^^r.  o**  30',  i66j,.io  the  Morning,  tho*  the  Ai,i;  was  ftiU      - 
bad  enough,  yet  I  could  fee  now  and  then  the  Body  of  Mars,  which  I  de-    k^.  145. 
:icvibe«[  bytl^  Scheme*  fl^  as  eacaftlyTeprefentmg  what  I  law  thro*  the  Gl^t 
:asl  could* 

yf^.  i6^^,j  Mar.  10.  o**  20',  in  the  Morning^  finding  the  Air  very  bad,  I 
teade  ufe  of  a  very  fliaUow  Eye-Clafs,  as  finding  1  nothing  diftindt  with  the 
greater  Chaige  s  and  faw  the  Appearance  of  it  as  in  C,  which  I  imagined  Fii.  147* 
inight  be  the  Reprefentation  of  the  forpier  Spots -by  a  leffer  Charge.  About  3 
Irf'the  CTock  the  lame  Morning,  the.  Air  being  very  bad  (tho*  to  appearance 
^seceding  clear,  and  cauiing  aH  the  Stars  co  twi|kle,  and  the  minute  Stars  to 
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appear  very  thick) thelk)dy  fecmed  like  Di  whfch  I  ftill  fiipporcd  to  be  Ac 
Reprefedtation  of  the  lame  Spots  tbro^  a  more  cohfiifed  and  faring  Air. 

But  obferving  Mar.  21.  I  was  furprized  to  find  the  Air  (tho*  not  fo  deir^ 
as  to  the  appearance  of  fmall  Stars)  fo  exce^ing  tranfparent,  and  the  Face  of 
Mars  fo  very  well  defined,  and  round  and  diftinft,  that  I  could  mantfeftlj  fee 
it  of  the  Shape  in  £,  ^x>ut  half  an  Hour  after  9  at  Night.  The  Triai^ular 
Spot  on  the  Right-fide  (as  it  was  inverted  by  the  Telefcope)  according  to  the 
appearances,  thro*  which  all  the  preceding  Figures  are  drawn,  apoeared  very 
black  and  diftinft,  and  the  other  towai^  the  left  more  dim;  but  both  of 
them  fufiiciently  plain  and  defined.  About  a  Quarter  before  12  of  die  Clock 
the  fame  Night,  I  obferved  it  again  with  the  fame  Glafs,  and  found  the  Ap« 
pearanee  exadfcly,  as  m  F  •,  which  I  imagined  to  (hew  me  a  Motion  of  the  form- 
er Triangular  5|^/. 

Mar.  22.  about  half  an  Hour  after  8  at  I^Kght,  finding  die  £uiie  Spots  in 
the  fame  pofture  (as  inG)  I  concluded  that  the  preceding  Ohfenration  was  only 
the  Appearance  of  the  fame  Spots  at  another  Height  andThickneis  of  the  Air ; 
and  thought  myfelf  confirmed  in  this  Qpinion^  by  finding  them  in  much  the 
fame  P^ure,  Mar.  23.  about  half  an  Hour  after  9  (as  inH)  tho'  the  Air  was 
nothing  fo  good  as  before. 

Mar.  28.  about  3  of  the  Clock,  the  Air  being  fight  (in  We^ht)  tho^  nunft 
and  a  little  hazy,  I  plainly  law  ic  to  have  the  Form  represented  in  I ;  which  is 
not  reconcileable  with  the  other  App^rancies,  unlefs  we:  allow  a  TurUmted 
Motion  of  Mars  upon  its  Center :  Which,  if  fuch  there  be,  fix)m  the  Obfer- 
rations  made  Mar.  21,  22,  and  23.  we  may  guefs  it  to  be  once  or  twice  in  t- 
bout  24  Hours,  unlefs  it  may  have  fome  kind  of  Lifaratii^  Motion  %  which 
feems  not  fo  likely. 

XCIV.  Jn.  1672.  Sept.  I  meafured  with  a  Micrometer  and  a  Tube  of  14 
feet,  the  Diftance  of  Mars  from  two  fixt  Stars  the  fame  Ni^ic  Whence  I 
learned  that  his  Acronic  and  Perigean  Parallax  ts  never  greater  than  25  fecund 
Scruples.  Whence  it  follows,  tl^t  at  moft  the  Smfs  is  io''»  and  his  diftance 
is  2 1000  of  the  Earth's  Semidiameters. 

XCV.  I.  Jn.  1672.  May  14  in  the  Morning.  The  Planet  Mars  pafied 
near  the  Star  called  that  at  the  Buttocks  of  Aquarius^  whofe  Latitude  is  2*  0^ 
o".  Its  Place  at  that  Time  according  to  me  was  24''  12'  c^"  »  \  accocdii^  to 
Street  24**  9'  d\    From  whence  I  obferved 


The  true  Altitude  of  7    •    ' 
the  fixt  Star  being  3   9  40 
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At  2^  29'  in  the  Morning,  the 
diftance  of  Mars  exaAly  in  the 
fame  Aseitigub 
The  fame  diftance  again  —  — 
At  2"*  51'.  The  Planet  had  de- 
parted from  the  fame  Azimuth^ 
and  was  to  the  Eaft  of  the  jtUr 
math  Line ;  the  Diff.  being 
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At  2*  29'-  in  the  Morning  the  PardlaSical  Angle  was 
Therefore  Mars  is  in  Confequence  of  the  fixt  Star  — 
Widi  greater  Southern  Latitude    — —  ■ 

Therefore  the  Latitude  of  Mars    *  ■ 


His  true  Place  according  to  — *—    — —  <  *j^ Z' 
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2.  ^».  i68j.  May  f.  9*  12'.  ifc/tfrj  celebrated  a  Conjunftion  with  the  laft-^'Oannick.- 
Star  butone  of  the  Southern  Wing  of  ^/r^^,  which  now  is  in  13^  49'  14".  of^f  "^'*^ 
la,  and  its  Latitude  1**  48^  33''  North  ;  fo  that  at  the  Time  of  die  Conjunfti- 
on  Mars  pafs'd  hardly  more  than  40"  below  the  faid  Star. 


Co 


XCVI,  I.  M  Burattini  h2Lth  fignified  from  Poland^  that  he  hath  obfcrvcd^^fiwvena; 
Inequalities  in  Ferns  as  in  the  MoQn.  ^  Ji  J!^?^!"*' 

2.  I  have  at  laft  dilbovered  towards  the  Middle  of  the  Body  of  Fenus  ^TbiRLti^^af 
tart  clearer  than  the  reft,  by  which  one  may  judge  of  the  Motion,  or  the  ^ewsi  ^Af. 
Eft  of  this  Planet.  '  '       ^  /^    ^  ;;f /;- 3^. 

.  The  firft  time  I  faw  it^  was  OSfol^.  14.  1666.  5*  45',  p.m.  and  then  this»'?5.p.6«7. 
bright  part  was  very  near  the  Center,  on  the  North- fide.  And  at  the  fame 
time  I  obferv*d  Weftward  two  obfcure  SpoiSy  fomewhat  oblong  5  but  I 
icould  not  then  fee  that  refplendent  p^rt  long  enough  to  conclude!  any  thing 
fifom -thence,  nor- wftS-I^We  to  fee-  anything  well  of  thofe  parts  till  April 
i%.  i66y.  on  which  Day  a  <juarter  of  an  Hour  before  Sun-rifing,  1  faw  a- 

gin  a  bri^t  part,-  fituated  near  the  Seftion,  and  diftant  from  the  Southern 
omalitde  more  than  4  of  its  Diameter.  And  near  the  Eaftern  Ring  I 
faw  a  dark  and  fomewhat  oblong  Spot^  which  was  nearer  to  the  Northern 
thu  the  Southern  Horn.  At  the  Rifing  of  Ae  ftirifi  I  perceived,  that  this 
bright  part  was  then  no  more  fo  near  the  Southern  Horn,  but  diftant  from 
it  f  of  its  Diameter.  This  gave  me  great  Satisfadion.  But  I  was  furprizcd 
at  the  feme  time  to  find,  that  the  feme  Motion,  which  was  n|iade  from 
South  to 'North  in  the  inferior  part,  of  the  Disk,  was  on  the  contrary  made 
from  North  to  South  in  the  Superior  part  whence  the  Determination  of 
the  Motion  may  be  better  taken:  For  we  have  no  Example  of  the  like 
Motion,  except  it  be  that  of  the  Libration  of  the  Moon. 

The  next  Day,  at  the  Rifing  of  the  Sun^  the  faid  bright  part  was  not  far 
from  the  Section,  and  diftant  froni  the  Southern  Horn  j  of  the  ^  Diameter. 
When  the  Sm  was  4HDegrees  high,  the  fame  was  fituated  near  the  Seftion, 
remote  from  the  Southern  Horn  4  of  the  Diameter,  The  Sun  being  high 
6**  10',  it  feemed  to  have  pafied  the  Center,  and  that  the  Seftion  of  the 
Difk  did  cut  the  fame.  Tht  Sun  being  ^7*"  high,  it  appeared  yet  more  ad- 
vanced Northward,  together  with  two  obfcure  Spots  feated  between  the  Sec- 
tion and  the  Circumference,  and  equally  diftant  from  brie  another,  and  from* 
facK  Horn  on  both  Side's,  And  the  Sky  being  very  clear,  I  obfervcd  the  Mo- 
tion of  the  bright  part  for  ii\  which  then  feemed  to  be  exadtly  made  from 
South  to.  North  without  auy  fenfible  Inclination  Es^ward  or  Weuward.  Mean 
YpL.  I.  I  i  i  '       *  time 


(  4»<>  ) 

thne  I  Mrc^ived  in  the  Modon  of  the  dark  Spots  fo  great  a  Variation,  that  ic 
^apnothe  ajfcrihcd  taaoy-Reafon  in  Optkks.  -  ..—     »     ■  •_  -   . 

Af^  10  ^nd  13.  Utiox^Si^n-Rifms^  I  Urn  ftill  the  hrigkt;  p«t  nev  {i» Cleaier 
Northward.  _ 

Laftly,  June  5  and  6.  Mqxc  thf  Rifwg  qi \)\t  Stm^  Ifaw  the  (ame bfr. 
tween  the  Northern  Horn  and  the  Center  of  this  Planet,  and  I  noted  the  iamc 
irregular  Variation  in  the  obfcure  Spots.  But  when  Wemts^  began  ta  be  farther 
removed  from  the  Earthy  it  was  more  difficult  to  pbfenrc  the  Phanomena. 

k  is  very  difficult  to  determine  any  thing  of  the  Motion  olf  thefe  SpoU :  Yet 
this  I  can  fay  (iuppofing  tha^  thi^  bj^igl?^  p^rt  of  Vw^,  wbicli  I  h^ve  obfirv'd, 
dpecially  thjis:  Year  1667,  hath  4way$  been  the  f^me]^  tfag^  m  iqi^  thap^  0Q19. 
Day  it  abfolves  its  Motion,  whet^ne^  of  J^^evojijtipg;  ptf  ^.fflr^R^  i^  9s  in 
near  23  Hours  it  returns  to  the  fame  Situation  in  this  FUaut^  which  yet  hap- 
pens not  ^irithout;  ionje Irregularity^  '-•    \'  '  '.  * 


.4i>/^#s/:v<?-  XCya  4n.  xSZ^fr  4(f^  4-  V  #v?ft  %'  ii^  tjift  Afl^rwou^  ^^wr  was 
]Dr***('rlv'^  ^^^^^'  ^owarc^s^  the  North  pnly  \&  i^op^  a  ^  3taro^  th^  third  M^^tH^ 
i^^Hevdius:     called  the  BeUy  of  PoUux  5  which  I  found  exadtly  by  the  Mii^roioeter. 


XCVIII. 

Mercury  0J^)^A< 
MtbtSun,  1690, 
«t  Nuremberg,* 
iiyM.Jo.  PhU. 
Wtirczelbsur. 
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OSiob.  30.  Afternoon*  ^»i  1^90^ 
Os  Pegaft  culminates  --?wfr  -r-r— 
Aidrome4a^%  Head  cphninates 
35j(p/<(fr  culminates 
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Ofi?/?^,  31.  Morning 

8  30  oojThe  Siin  emerged  out  of  theCkwd^.j  above  hia  Diik,  in 

the  Table  of  Obfervation,  at  the  Diftanccr  of  mpre 

than  half  a  Digit  from  the  Ve^rtical  to  the  right,  j^andi 

(tho*  really  to  the  left,)  Mercury  appeal: -d  goiflg  out 

of  his  Limb. 

After  Mercury  had  adhered,  a.  Minute  o£  Time  tQ  the : 

undulating  limb  of  the  S§m^  he  woabouc  at  x4^£rQii) 

the  Zif^w  towards  the  North. 

,  8  49  oolTfae  Altitude  of  the  Sun. 

8  59- 
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12:     Ifl 

16      28 
—  I  21      31 


6.  2^  45 
«54  17 


The  Ratio  of  the  Diameters  of  the  Suny  and  of  the  Nucleus  of  Mircurji 
while  he  continued  in  the  lucid  Difk  of  the  Sun^  as  far  as  CQuId  be  guels*d 
througbtfae  Air  that  was  pretty  thick^  was  as^  loooto  8<i.    After  he  liad  ar- 

fhred 


(   +27   ) 

thmi  at'dw  UuAk of  tite  flm»  and  had  adh^ed  tknbft.ft  Mtimtt  to  the  undu- 
ladng  Limts  ^d  had  recovered  his  gpniine  RoiiAdnefs  s  (for  he  had  aflbmdd 
as  k  w^re  an  EllipticalFonn  before^  from  the  Light  of  the  ^irs'sDUk,)  the  pro* 
portion  was  as  looo  to  124. 

•    XCIX.  -dftr.  1697,  JV5w»  3.  New  Style;  at  7**  25'*    After  the^wr  had  c-Meftui;**. 
merged  out  of  the  Clouds,  dh-eftii^  my  Telcfcope  to  him^  the  Difference  of^^'"^^^  ^ 
the  right  Afccnfion  rf  the  Center  of  Mercury  to  the  Weft^  and  the  Center  o\n'!*js^^)^M[ 
thtf  Sun^  vfSiS  obfervcd  by  the  Clock      •   ^ --    ^.— —    o«  n'  sz^'^^f'l "  *«' 

The  Difference  of  the  Dedinaiion.  of  AiSrrirfy  to  the  South  was   o     6   20      ^^' 

At  8^  3'.  The  Difoeoce  of  Right  Afcenfion  of  the  Centers  of  7 
Mercury  to  the  Weft  and  of  die  Sun  was^  Hours       ■   n.-  ,        ^  ^   '5   3<^ 

The  Difl^encc  of  Declitmcion  was^  Degrees    — .-^^     ^.^i-i^    o     4  42 

At  d^  8'  38"^  The  preceding  Lknb  of  Mfratry  arrived  at  the  preceding 
limb  of  the  Sun. 

At  8^  10'  24''.  JkCr^rry  wholly  emerged  out  of  the  ^'s  Difk)  beif^ob- 
fcrved  with  a  Teleicopeof  18  Feet. 

From  thefe  Obfervations  compared  together,  as  far  as  can  be  collefted 
from  fo  fhort  an  Iifterv£d,  I  found  by  Trigonometry  ihat  Mercwry  came  to  the 
Middle  of  his  Path  in  the  SuyC^  Diflc  at  6*^  1 1'  %V'  in  the  Afternoon- 

And  that  the  Afcending  Node  of  Mercury  was  in  b  14*  42'.  ftill  more  ad- 
vanced than  by  the  Obfervations  of  the  Year  1677. 

Alfo  I  found  by  comparifon  of  the  kft  Obfervations^  that  the  Ihclfnation 
of  Mtrcury^s  Orbit  to  the  Eclipdclc  was  &"  23^  5  which  however,  becaufe  of 
the  fliort  Interval  of  thefe  Obfervations,-  P  dare  not  prefer  to  that  which  I  de- 
rived from  the  Cbiffefe  Obfervations  of  the  Reverend  Father  Fontenay^  which 
were  diftant  by^a-  much  greater  Interval  This  was  6**  40'.  which  approaches 
nearer  to  the  Rudolphinc  Tables. 

€•  It  has  been  long  ago  difcovtr'd,  not  only  from  the  Pi-inciplcs  of  true  r a*  Hy!»i!r  c^. 
Afbronomy,  but  upon  the  Credit  of  the  beft  Observers,  that  the  Planets  ^^^'^"^^^^^^ 
cury  and  Venus  fometimes  enter  the  Difk  of  the  Sm^  and  are  feen  within  htBi^tTZ  sun^" 
bright  Orb  to  pafe  along  like  bhckilh  Spotsr    Btit  by  what  Law  and  on  what  ^  ^'-  ^***^' 
Conditions,  alio  in  what  Intervals' of  Years,  thefe  Phenomena  are  prefented  to  luu^ku.  1691 
our  View,  has  not  yet  (I  think)  been  duly  determined  by  our  modem  Aftrono- 
mers.  Sure  I  ^n,  that  alxmt  this  Matter  I  have  feen  nothing  yet  in  Princ  Thcre- 
f<M-e  I  thought  irmig^nor  be  nnaeceptable,  if  I  ferioudy  apply'd  myfelf  to 
this  Inquiry  ;  and  I  truft  that  in  this  Differtation  I  fhall  fully  unfold  the  whole 
Affair;  which  is  pcrptexed  enough,  and  undearftodd  but  by  few. 

It  is  fufficiently  m^ifef(,  that  thefe  Phafes  of  thefe  Planets  always  haf^en 
when  they  are  retrograde  and  in  their  ConjundHons  with  the  Sun ;  that  is,  when 
the  Sun  is  fo  near  their  Nodes;  that  the  Latitude  of  the  Planet  in  Conjunftion 
with  thc'Sun,  may  nor  exceed  the  Sun's  Semidiameter.  Now  that  I  may  the 
more  eafily  invfrftt^ate  the  Limits  and  Conditions  of  thefe  Conjund:ions,  and 
as  the  Elements  ofCalculation  fix*  each  of  thefe  Planets  are  very  different,  I 
fhail  manage  them  feparately  \  and  firfl  I  will  begin  with  Mercury. 

I  i  i  2  We 


(  42*  ) 

We  arc  well  affured/thattKe  Afcending  Node  of  this  Planet,  according  f9 
thektd^  and  beft  Obfervations,  is  about  15  Degrees  in  Taurw^  or  rather  at 
o'  1 5**  44'  from  the  firft  Star  in  jlriesj  in  the  prefent  Age.  And  that  the  De* 
fcending  or  Oppofite  Node  is  at  6*  15*"  44'  from  the  firft  Star,  of  .^^x.  And 
the  Angle  in  which  die  Plain  of  Mercurfs  Orbit  is  inclined  to  the  Ecliptic^  is 
pr^y  well  determined  by  Kepler  to  be  6^  54'.  Now  by  the  moft  approved 
Hypothefes  it  appears,  that  when  Mercury  is  in  his  Afcending  Node  his  dif- 
tance  from  the  Sun  is  31 365  of  fuch  Parts,  as  the  mean  Diftance  of  the  Sum 
from  the  Earth  is  100000.  But  when  he  is  in  his  other  Node,  his  Diftatu^ 
then  meafured  in  the  fame  Parts  is  45308.  But  the  Sm  when  oppofite  to  the 
Afcending  Node,  is  diftant  from  the  Earth  in  Conjunftion  to  the  lame  98955 
of  the  fame  Parts  ;  but  at  the  other  Node  the  fame  Diflauice  is  101007.  And 
therefore  Mercury  in  Conjundtion  with  the  Sun  at  the  Afcending  Node  is  dif- 
tant from  the  £tfr/i&  67591  Parts,  and  at  the  Defcending  Node  55699  Parts. 
As  thefe  differ  very  widely,  the  Conjunftions  made  at  different  Nodes  muft  be 
confidered  Separately ;  and  for  brevity  lake  we  ihall  give  the  Elements  of  Cal- 
culation in  a  Synoptiad  Manner. 

Mercury  brivg  Retrograde  is  in  central  Conjunffion  with  the  Sun,  at  the  Afcending 
Node^  in  the  Month  of  Oftober  5  andfnm  the  aforefaid  Hypothefes  wefhatt  bavcy 


The  Sunh  Lon^tude  from  thelirft  Star  of  Aries 
The  Longitude  of  Mercury  feen  from  the  Sun 

Mercury's  Diftance  from  the  Sun    — — —      I  3 1 365 

Marcurfs  Diftance  from  the  Earth    — —    |  07591 

The  Angle  of  the  Inclination  of  Mercurfs  Orbit    — 

Six  Hours  Motions  of  Mercury  feen  from  the  Sun      • 

The  Swfs  Motion  in  the  fame  fix  Hours     ■  — —    — 


Hence  Mercurf%  Motion  from  the  Sun  in  fix  Hours     ■   ■ 
And  his  Motion  in  6  Hours  from  the  Sun  feen  from  the  Earth 
And  the  Angle  of  Mercury's  Path  feen  within  the  Sun  with  the 

Hence  M&rcurfs  Modon  in  6  Hours  in  his  vifible  Orbit   • 

Then  Mercury's  Motion  in  a  Sidereal  Year  beyond  4  Revolutions 
Therefore  in  13  Years      "  — —    — —    .  — 

Therefore  wanting  to  54  intire  Revolutions     -^—     ■ 

Which  Space  Mercury  pafies  over  in    —  ■     — — 

In  which  time  the  Sun^s  Place  is  advanced,  and  the  Situation  of 
the  Conjunftion  in  the  Node  is  as  much  diftant  from  the 

Conjunftion  of  the  Earth      — - —     — — •    

Now  that  Arch  view'd  from  the  Earth  is    >■  ■  — 

Whence  from  the  given  Angle  of  the  Path  feen  8*  15'.  the  Bafe 
may  be  found,  or  the  Diftance  from  the  vifible  Conjunftion  o  55   3^ 

I  Which 
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Whidi  Afch  id  paflcd  over  by  hkrcurj  according  to  tfaegivtn  h«  "^ 

horary  Motion  in    — — —              ■     —  ^  ai 

But  13  fidereal  Years  exceed  fo  many  7iv//M'with  three  Inter- 
calations by     — —     — -     ——     — -  8    o 

Therefore  Mercury  returns  to  the5««  after  13  Julian  Years,  and  d.  h.     ' 

moreover    «—    — —     ■   '■           — ---    ■  2  17  34 

Or  with  four  Intercalations,  if  the  foregoing  Year  be  the  third 

from  the  BiJftxHle    — -    — —    -— ^—         ■■           •— ««  i  17  34 

But  from  the  Arch  ^6'  lo",  and  the  given  Angle,  the  Perpen- 
dicular, or  the  neareft  Diftance  of  the  Conjunction  from  the  ^    *' 

Therefore  the  Conjunction  confpicuous  within  the  Sun  after  13 
Years  proceeds  more  Northerly  8'  3''.      ■ 


By  a  like  Reafoning  in  46  5iifr^^/ Years  the  Conjunction  moves    11  28  36    8 
Therefore  to  191  intire  Revolutions  are  wanting    n  —      o     i  23  52 

h^ 
That  is  in  Time     — —      —     — —      ■■■  ■■     .      ■     ■    ■        8  12 

^      r      it 

In  which  the  ^iM  advances    —    •■             «— -     —  o  20  41 

This  Arch  viewM  from  the  Earth  becomes      ■                 — —  ,   o    9  36 

And  the  Bafe  belonging  to  it  is    —    — —     •—     — —  o    9  30 

h.  \    " 

But  the  Time  in  which  Mercury  defcribes  the  Bafe  is     —    —  i  30  oa 
But  46  Sidereal  Years  exceed  fo  many  Julian  Years,  with  1 1 

Intercalations,  by    -~—     ■  ■            —     — —  19    3  00 

And  Mercury  returns  to  the  Sun  after  46  Julian  Years,  and  d.    h.  ' 

moreover    — —    —     »     "     '     — —  '  — —  i    4  51 

Or  with  12  Intercalations,  as  it  happens  when  the  foregoing 

Year  in  the  fecond  or  third  from  the  Biffextik    — —     —  0451 

But  the  Perpendicular,  by  which  Mercury  advances  Northerly,  •     '    " 


Now  the  moft  accurate  Period  of  Mercury  to  the  Sun  is  finifli^d  h,  '  " 

m  26^  Sidereal  Ycarsj  and  moreover     — — —    —_ —  —  i  11  3a 

But  thete  Sidereal  Years  exceed  fo  many  Julian^  with  66  Inter- 
calations, by    ■              —    —  10  20  o 

.Whence  after  263  Julian  Years  Mercury  returns  to  the  Smty 

but  later  by    — —             ■■     ■              '     ■                    ■■  11  33  30 

d* 

Now  if  the  foregoing  Year  is  Bijextiky  let  there  be  added     — •  i  1 1  31  3a 

Then  after  this  Interval  he  goes  more  to  the  North  by       «—  o    o  o  10 

Now  the  other  more  extenflve  Periods  are  very  cafily  derived  from  thefc  al- 
ready found>  and  are  of  6  or  7  Years. 

That 
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That  which  is  fic^ipltattcl  in  7  Years  dq>reflc«  Mtrmy  22'  47/^/  tMrards 
liie§outh,  and<:omefrfeonerby  7  wholeDays,  eaa^tng  9  Minutes,  if  there 
are  two  Intercalations.  .  But  with  one  Intercalation,  that  is  when  the  foregoing 
Year  is  Bijfextiky  6  Days  are  to  be  fubtraded,  adding  only  9  Minutes  as  before. 

Bui  that  Vag^ond  Planet  is  feldom  again  to  be  found  in  the  ^m's  Diik  af- 
ter 6  Y^rs ;  for  having  this  Period,  he  pafles  30'  50"  more  to  the  North  : 
And  this  later  by  9"^ '  1 7**  2  5',  if  the  forcgomg' Year  be  the  iccond  or  thiid  fronx 
tlie  Bfffeziik^  otherwife  g"*  17^  25'.  are  to  be  added. 

In  Uke  manner  if  ibei  Conjundlion  iu^^fm  at  the  Deicending  Node,  im  the 

Mmtb  of  April. 

s.    •  '     " 

The  Sm's  Lon^ude  from  the  fifft  Star  of  /ib'ks     — —     —  o  15  44  00 

The  Longitude  of  Mercury  feen  from  tte  Sun       ■     '   ■■     6  15  44  00 

The  Diftance  of  the  Planet  from  the  Sun  as  before     —  45308 

His  Diftance  from  the -Eorli^    -.••«^    ^    55^99 

TheMotionofMmMffiem  from  the  &xir,  in  fix  Hours  o    o  14  29 

The  Sunh  Motion  in  the  lame  Time   ■  -  ■  o    o  43  21 

The  Motion  of  Mercury  from  the  Sun   — —    —    ♦ "'    ■  o    o  28  ^51 
Hence  the  Angle  of  the  Path  of  Mercury  feen*  within  the  Suffs 

Diflk  made  with  the  £tf/r/>/ir  beeomejj    —     ■     "■  ■       —  a  vo  ig  00 

But  his  Motion  feen  from  the  £tfr/i>,  in  fix  Hours  is       ■"■^  o    o  23  5a 

Whewre  if  we  follow  the  Method  of  the  foregoing  Calculation,  it  is  found 
that  after  13  Yeafs,  and  moreover  3**  7*  3/.  Mersuty  will  return  to  his  Coik 
jun£tion  with  the  Sun.  And  if  the  tbregolng  Year  be  the  third  from  the  Miffttc^ 
kJo^  then  only  2*  7^  37'.  are  to  be  added,  then  Mercury  will  be  found  to  move 
I  &  55''  more  ta  the  South. ' 

But  after  46  Year»,  with  12  Intercalations  muft  be  added  o*  7^  14'.  and 
there  will  be  had  Mercuty^  in  Conjundtion  with  the  Sun  in  a  more  Southern  Path 
by  2'  23''.  But  if  the  foregoing  Year  be  fij^;c//£?,  or  the  firft  from  it,  there 
muft  be  added  k^  7*^  (4^,  that  the  Conjun£tion  may  be  had  accurately-  In-like 
manner  after  26  j  Years,  in  which  Mercury  will  decline  towards  the  South  o' 
iw",  there  nnift  be  added  1*  1 1^  49'  or  1 1^  49'.  according  to  the  Rule  prc- 
fcribed  in  the  former  Cafe. 

But  in.  6  or  7  Years,,  becaufe  of  the  Vicinity  of  the  Earth  and  die  Ptanet, 
and  therefore  becaufe  oi  the  AivJies  enlargod  at  this^Node,  he  does  not  retm^ 
to  the  Sun  fo  as  to  appear  within  his  Difk.  But  after  ^  Years  he  pafles  the 
Sun  at  a  more  northerly  Pa  A  of  14'  2''.  And  the  Moment  of  Conjundton 
wiil  be,  had  by  fubtradHng  3^  o*"  25',  from  the  time  of  the  former,  if  it  be  in 
the  third  Year  from  the  Bijjextile.    Otherwife  only  2*  o*"  23'  muft  be  fubtra&ed. 

Th^e  being  found  it  will  be  eafy  to  continue  the  Calculation*  for  all  chefe 
Gonjun^ttons^of  Mercury  with  the  Sun^  and  thatwidi^  the  greateffi  oertafaa^ 
and  without  any  doubt  whether  or  no  all  that  are  poffible  are  included. 
By  Addition  alone  the  Mome^cs  of  the  Conjun£ti6ns  will  be  obtained)  and  the 
Diftances  of  the  Planet  from  the  Center  oi  tktS^*^  wheooe  aifb  by'  help  d^ 

I  the  • 


I 


the  Tabic  the  Durations  of  thefe  EcUpfes^  as  they  may  be  called,  may  be  takea 
oipC»  fo  that  nothing  m^  be  wanting  to  coiUpleat  tbic  Affair. 

As  to  the  Epocbsj  they  may  be  found  with  more  fafety  by  the  Induftry  of 
Obfcrvers,  thjm  dedved  by  any  fabtile  Calculation..  Tiiercfore  in  the  firft 
Cafe  we  have  made  choice  of  that  fiotable  Tranfit  of  Msfeury^  which  I  myfelf 
madca  moft  compfcat  Obfcrvation  of,  in  the  Ifland  6f  St.  HtUna^  Oaob.  28. 
Am.  1677^  Old  Stykv  and  whofe  Middle  I  determined  from  the  Spinning 
and  End,  to  be  in  the  faid  Ifland  at  o^  4  Affiernoohli  but  at  London  o*»  28' 
Afternoon.  -Now  ilhe  Path  which  the  Pl^et  fcem'd  to  obferve,  was  4'  40'' 
more  northerly  than  the  Sun*%.  Center.  In  the  other  Cafiv  that  is,  when  Mer- 
«7  is  in  Conjundriot)^  wich  the  Sm  in  iko  Month  oi  Jfprili  -I  have  thought  fit 
to  take  the  Epoch  from  the  learned  Jieveliuifs  Treatffe' of  Mercury  feen  in  the 
Sun,  p.  72,  75,  which  is,  chat  Api^il  2^^4n.  i662y  Old  Stjrle,  at  6**  8'  After- 
noon at  Dantzicky  that  is,  at  4«»  52'  m,  London^  Mercury  appeared  very  near^ 
the  Center  of  the  Sm,  as.  beusg  iiv  tlie  Mididle  of  hi9  Traflfit,  and  at  the  fame 
Tunc  was  diftant  from  that  Center  V  17''  to  the  Nof  lh»  flence  by  the  fore- 
g(M)g  Precepts  it  will  be  a  Work  ©f  b«t  little  Trouhlt,,  Co  exhibit  in  order  all 
the  ^blc  Conjunftions  of  Msrcmy  with  the  Sun  at tht  famte  Time.  And  for 
an  Example  that  any  one  may  imitdte  hereafter,  heveire  all!  the  Phenomena  of 
diiskind,  that  have  ever  appeared  this  prefent  Age  fijpce  the  Inventioa  of  the 
tdcfcope,  or  that  will  appear  to-  Poftcarity  in  xhn^  Agp  folioifring, 

A  Series  of  the  Moments  at  which  IVlercury  is  feen  iM  ConJuHlfion  with  the  Sun,, 
Old  within  bis  Dijkj  for  the  prejinti  and  ibt  nenl  Jgf^  with  the  Biftances  of  the 
feme  Planet  from  the  Sun'jt  Gmt^.. 
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In     OCTOBER. 
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Thofe  Tranfits  which  have  the  Mark  *,  are  but  partly  vifible  at  iMdan  5 
but  thofe  which  are  marked  ♦  *,  are  totally  vifible.  f 

Now  it  is  to  be  obferved,  that  at  the  Afcending  Node  oi  Mercury  in  the 
Month  of  OSlober^  the  Diameter  of  the  Sun  takes  up  32'  34",  and  therefore 
the  greateil  Duration  of  a  Central  Tranfit  is  5^  29'.  But  in  the  Month  of 
Jprtl  tht  Diameter  of  the  5^  is  31'  54",  whence  by  reafon  of  the  flower  Mo- 
tion of  the  Planet,  there  arifes  the  greateft  Duration  8*  i'*  Now  if  Mercwj 
approaches  obliquely,  theie  Durations  become  Ihorter  on  account  of  the  Dis- 
tance from  the  Center  of  the  Sun*  And  that  the  Calculation  may  be  made 
more  perfeft,  I  have  added  the  following  Tables,  in  which  are  euiibited  the 
half  Durations  of  thck.  EcUp/eSj  to  every  Minute  of  the  Diftance  feen  from 
the  Center  of  the  Sun.  Thcife  added  to  or  fubtrafted  from  the  Moment  of 
Coniundtion  found  by  (he  foregoing  Table  mark  out  the  Beginning  and  End 
of  the  whole  Phenomenon. 

Id 
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ThefQ  Numbers  truly  reprcfent  all  the  Obfervatiohs  hitherto  made,  nor  have 
I  any  reafon  to  doubt  of  the  future, .  fince  of  all  the  Planets  Mercury  being 
nearefl  the  ^un^  approaches  fo  near  tahis  Center,  that  it  is  Jeafi:  difturb'd  by 
the  Intervention  of  other  Centers  \  nor  is  it  ftnfibly  affefted  by  thofe  Deviati- 
ons .which  ayifcfrom  the  Syftem  of  the  reft,  to  which  the.  fuperior  Planets, 
and  efpccially  Saturn^  is  much  expofed. 
I  have  purpofdy  omitted  the  Par^kxes  as  very  fmidi,  ahd  which  being  dif- 

,  f(;rent  in  diffi^rent  Places,  ought  not  to  be  admitted  in  a  general  Calculation- 
And  likewife  becaufe  it  is  not  yet  certain  how  much  they  are,  but  rather  miy 
be  very  ftfely  dtrivcd  from  fuch  Obfervations,    Neither  have  I  taken  any  Ac- 

:  cquQt  pf  Mercury* s  Diameter,  becaufe  being  incredibly  fmall,  he  ieemB  to  ad- 
here to  the  5«»'s  Limb  pnly  a  very  few  Minutes,    From  a  mod  accunvte  Qb- 

;  feryat^on  I  h^t  found,  that  hardly  two  Minutes  were  over  whilft  b9.  wtiolly 

.  caipe  out  of  the  Sutiy  QSob.  28.  1677.  whence  I  concluded  his  Diameter  to  be 
*  Vol,  I.  K  k  k  o'  n" 
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o'  It's  and  according  to  the  ratio  of  the  Diftances  from  the  Eartb^  at  the 

other  Node  it  was  almoft^'  13''^.  Therefore  then  ^CKBfitotds  of  Time  were 
fpent,  whilft  the  whole  Planet  diredtly  pafs*d  through  the  Limb  of  the  Sun. 
But  when  he^falles'oBIiqu^y,  he  continues  foinething  longtr,  according  as 
the  Secants  of  the  Arigjes  ©f  [Incidence  are  encreafed'.  "T^lfo -there  is  hardly  any 
need  that  we  IhouW  ntakc  any  Eftimate  of  the  lEquafitiM  of  fTime ;  becaufc  a 
great  many  D^ys  they|ct)n6ipueconftant,  and  as.it  were  iayariable  on  b^oth  (ides 
in  each  Month,     .        '  -.  — 

\0j  the'  nfi)le\  ConjunSion  of  Venus  mtk  tpe-Sxxti. 

Tho'  Venus  U'.^t  nfrqft  beautiful  of  all  the  Biar^,;.yiet-like  the  reft  of  her 
Sex,  ftie  does-  not  car  j  to  lappear  in  fight  withbut  h^  borroMr^d  Ornaments, 
and  her  affumed  ^hndof;.  For  the  confined  Laws*  df  Motion  envy  this 
Speftacle  to  tlijs  Mortalsrof  ^  whole  Age,  like  the  Segufar  G4mes  of  the  Anci- 
ents \  tho'  it  hie  £u-4he  ^poqA.  noble  among  all  thofe  thate^-JAftronomy  can  pre- 
tend to  fhow. '  Jfow  it  fliall  be  declared  hereaftfcr,  -thetlblr  this  one  Obfervad* 
on  alone,  the  t^iftanceof  the  Sun  from  the  Earth  may  bexleiermined  with  the 
greateft  Certainly^  ^hich  hitherto  has  been  included  <withtn  wide  Limits,  be- 
caufe  of  the  P^r^tex  vrhkh  Is  otherwife  infenfible.  Biitja&toithe  Periods,  they 
cannot  be  defci-ibed  {o  accutately  as  thofe  of  MerOiiry^  4ncc  J^^enus  has  been  ob- 
ferved  within  the-&a^'^^iik  but  once  fince  the  Beginning-of  the  World,  and 
that  by  our  Hirro:c.  Tabe  here  the  Sum  of  the  CalcoUtipn,  \  the  Mocions^  be- 
ing correded,!  as  far  a$  wasjpoflible  by  the  rude  Obfemnataona  of  the  Ancients. 

The  Longitude  xJ  the  AfteMing  Node  of  Venus  'fpofn  rthe  firlt  s.    *      '     '' 

Star  of  Aries     ■   ■   j  ■     i                ■                       \   ■     t-^  i  15  1.6  00 
Therefore  the l&oris  inNConjunftion  with  it  in  tbe-^)poike 

Point,  that  lis,  for  fame  Ages  about  the  "Erxdi^ol  N$vemer  7  15  16  00 
The  Diftance  of  Venus  from!  the  Sun  in  Parts        — ~  71-997^ 

The  Diftance  f!>^'Venttrf^tti  the  Earth    —  2643S 

The  Inclination  of  the  Orbit  of  Venus  to  the  Ecliptic     ■  o    3  23    o 

The Modbn iyiVemsin^' Slier ddl liTeafs, above  13 Re^c^utions  o  t  30  28^ 
The  ModoAcAVeHm  miij5.SWi?r*i/Yea»,  -above  381  R«vo- 

krdMig  ^  ■'■    •  ■     >  ■^'"'  ■      ■'"■■■      ' -— *—      —  ii  29  17  39 

The ttfottoct  ^tVMum  243  5/Af«i^  Ymts^ 4b«re  39^5. Re<vo^  - 

itttions    •-— ■        •■ '  >      - — ^     -i— -  004^8^ 

FVom  tfcele 'friAGipdes^^C^oulationl^ing  mode,  ^eeoidii^  to  the'Method 
tiBmimi*d  >in  Mercscfy^  the  IntenFab  6f  Time»  and  Diaftances  >«»  ^omeout  as 
'ftnows. 

Alter  I*  Years  Venus  returns  to  the  *ws  taking  away  1^  10^  52'^;  from 
)lke^Mdtiiiont  of  the  foregoing  Tranfit ;  and  the  Flanict  proceeds  hi  a  Faith 
'^whiidh  'if  ^4'  41'.  more  co  the  South  than  the  former. 
'^Afttii  2>3^  ^ears'adding  2^  10^  ^\  Venus  may  again  enter  tbe^^/r>  but  ki  a 
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more  oorthehi  Path  by  ii'  33".  Butiftheforegobg  Ycaris  Btffextik^  3*  io»  9' 
muft  be  added. 

After  243  Years  i^«r«5  may  alfo  pals  the  Sun^  only  taking  away  o''  43'  from 
the  Time  of  the  former;,  but  procceeds  mott  foutnerly  by  13'  8''.  Now  if 
the  foregoing  Year  be  BiffrntHi^  add  23^  i/. 

And  in  all  thefe  AmvXics  x£  Verms  to  the  Smty  m  the  Month  of  Novtmber^ 
the  Angle  of  her  Path  with  the  Ecliptic  is  ^^  g\  and  her  Horary  Motion  with- 
in the  Sun  is  4'  y".  And  fincethe  Semi^ameter  of  die  Sun  is  16'  21'',  the 
greateft  Duration  of  the  Tranfk  of  the  Center  of  Venus  comes  out  y^  56'. 

Then  let  the  Sun  and  Venus  be  m  OsftijundSon  at  the  Defcending  Node  in  the 
Month  oi  Majf\  and  by  t^  fame  Numbers  the  fame  Intervals  may  be  com- 
puted. After  8  Years  let  there  be  tedcen  away  2*  6^  55'.  And  Venus  will 
make  her  Tranfit  in  a  m0re  northern  Path  by  i^  5^. 

After  235  Years  add  2f  8*  i.8^  or  if  the  foregoing  Year  be  Bijfextile  3*  8*  i^, 
and  you  will  have  Venus  moxttb  the  South  by  cf  21^^. 

Laftly  after  243  Years  add  0^  1*  23'^  or  if  the  foregoing  Year  be  Bijfextile^ 
1*  i^  23',  and  jWj  willbe  found  again  in  Conjunftion  with  the  Sun^  but  in 
aintorlwwherly  Path  by  10'  37^ 

hk  every  Tranfic  withii^  the  Sun  at  this  No4Cr  the  Ang^e  of  Venns^  Path  with 
the  EcUpitn  8^  ^^s  ^  her  HcMstry  ift^tien  is  4'  o''  and  the  Semiidiametier 
of  the  &^  &]»tendi9g  j(  j'  5i'\  the  greateft  Duration  of  the  central  TtmSiX 
comes  out  alfo  y^  56'  exadtly  the  fame  as  at  the  other  Node. 

As  tor  Ac^^wfe*  from  that  only  In^efs<  which  fiw^x  obfervcd,  the  Sun 
being  then  juft  reac^  tp^  let,,  it  is  concluded,  that  Vems  was  in  Conjim&ioQ  with 
dieiSM  al  iwAiw  irt  the  Year  1^539^  Atoi^  24"^  6*"  37',  and  that  ihe  decliped 
tofvards  the  South  8'  30''.  But  in  the  Month  of  M^  no  Mortal  has  feen  her 
as  yet  within  the  Sun.  But  from  my  K«mbcrs,  which  I  judge  to  be  not  vei?y 
dtfTefentfronftthe  Hea^en^  it^a^pear*  that  Venus  fix  the  next  Time  will  eiiter 
the  Sun  M.  1 761.  Mof  25*  1/  55^1  that  being  the  Middle  of  the  EcUfJ^^  and 
then  will  be  diftant  from  his  Center  4  is'\  towards  the  Somh.  Hence  and 
from  the  foregoing  Revolutions  aU  1^  Phenomena. of  this  kind  wiH  be  eaiily 
ednlMed  for  a  wii^le  MiUenoium^  as  1  havie  computed  them  in  the  following 
Tahk. 
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As  for  the  Durations  of  thefe  Eclipfes  of  Venus^  they  may  be  computed  after 
the  fame  Manner  as  tjiofe  of  Mercury  in  refpeft  of  the  Center.  Butfince 
Vems*%  Diameter  is  pretty  large,  and  fince  the  Parallaxes  alfo  may  bring  a  very 
notable  IKfFerence  as  to  Time,  a  particular  Calculation  mult  neceffitrily  be 
made  for  every  Place. 

Now  the  Diameter  of  Venus  is  fo  great,  diat  while  Ihe  adheres  to  the  Sxrfs 
limb  almoft  20  Minutes  of  Time  will  be  elapfed,  that  is,  when  ihe  applies 
diredUy  to  the  Sun.     But  when  fhe  is  incident'  d3liauely,  Ibe  continues  longer 
in  the  Limb.    Now  that  Diameter,  according  to  Horrcx^s  Obfervation,  takes 
vtp  I*  1  S'\  when  Ihe  is  in  Conjunftion  with  the  Sun  at  the  Afcending  tiode^  and 
i'  I  ^"  at  the  other  Node.    Now  the  chi^f  ufe  of  thefe  Conjundioos  is  accurate- 
ly to  determine  the  SutC%  Diftance  from  the  Earthy  or  his  Parallax,  which  A^ 
tronomers  have  in  vain  attempted  to  find  by  various  other  Methods  ;  for  the 
Minutenefs  of  the  Angles  required  eafily  elude  the  niceft  Inftruments.     But  in 
obferving  the  Ingrefs  of  Venus  into  the  Sun^  and  her  Egrefs  from  the  fame,  the 
Space  of  Time  between  the  Moments  of  the  internal  Contafts,  obferved  to  a 
Second  of  Time,  that  is,  to  yV  ^f  a  Second  or  ji^"  of  an  Arch,  may  be  ob- 
tained by  the  Affiftance  of  a  moderate  Telefcope  arid  a  Pendulum  Clock,  diat 
is  confluent  with  itfelf  exadJy  for  6  or  8  Hours.    Now  from  two  fuch  Obfer- 
vations  rightly  made  in'  proper  Places,  the  Diftance  of  the  Sun  within  a  five 
hundredth  Part  may  be  certainly  concluded,  as  I  (hall  ftiew  at  another  Oppor- 
tunity. 
#4. 1^4,  ry5»       Left  any  thing  fhould  feem  obfcure  to  a  Reader  not  much  verfed  in  Afirtmfh 
micalMzttCTSy  I  have  delineated  Schemes  for  the  Trahfit  of  each  Planet,  by 
which  I  have  endeavouir'd  to  i*eprefent  every  thing  to  view. 

TUM%tim  •r  CL  I.  M.  AuLzmty  after  he  had  feeiv  the  Comet  (which  was  firft  obferved 
t66^!°p^i?^'  in  Holland  Decemb.  2  1664.)  4.or  5  times,- made  the  fpi^^w^/^^j  of  its  Moti- 
ffidibjfM.  Au-  0n  upon  an  Uypothejis  that  k  moycth^ftly  enough  in  the:Plancof  a  great  Circle, 
JT^,' p.'  Igf'  ^'  .     '    'I '.  "''""  :  ; .  which 
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which  ihdineth  f o  the  E^ftoSicat  about  30%  and  to  tKfe  EcUpHck  49*  or  4^*, 
cutting  the  Equator  at  about  45''1,  and  the  Ecliptick  at  28"*  of  Aries  or  a  lit- 
tle more. 

He  takes  notice,  that  more  Omets  enter  into  our  Syftem  by  the  Sign  of  IJbra  n.  %,  ^  i^ 
afid  zhout  Spica  Firginis  than  by  all  the  other  parts  of  the  Heavens:  For, 
both  the  prefent  Com^^  and  many  others  regiftred  in  Hiftarf  have  entered  that 
way,  and  confequently  pafs'd  out  of  it  by  the  Sign  of  Aries ;  by  which  alio  many 
lave  entered. 

2.  Till  the  6/A  of  Feb.  this  Comet  always  advaiyred :  But  after  that  Day,  lohfirva;  fy 
found  that  it  returned  in  augmexiting  always  its  Latitui^.    1  left  it  Mar.  8.  at    '  ^"^**  * 
the  18.  of  the  Horn  of  Aries j    almoft  in  the  fame  Latitude  5  and  I  am  apt 

ts>  believe  it  wijl  be  Edipfed  this  Evening,  .    ,  .   /, 

,  I  fhall  only  add,  that  on  Feb.  3.  we  were  furprized,  to  fee  the  Comet  again  ' 
inuch  l>righter  than  ordioary,  and;Mth  a  CQnfiderable  Train.  Some  did  be- 
Keve  that  it  approached  again  to  us*  .  But  having  beheld  it  with  a  Teje- 
fcope,  I  icon  iiud,  that  it  was  joined  with  two  fm^U  Stars,  whereof  one  was 
pretty  bright,  and  that  tlus  Qmjuft^ion  gave  the  Comet  that.Brightnefs.  Hence 
It  was,  that  I  affur'd  my  Friends,  here,  that  we  Ihould  no  more  fee  it  fo 
bright.  :  .     , 

M.  Auzoitf  alfo  ftrongly  conceives,  that  jhis  Comet  could  not  be  Felf.  i8a«  ^-  #•  "^ 
fi.  n.  where  M.  Hevekus^  in  his  Prodromus  Comijitusj  hath  placed  it,  viz.  w 
prima  Arietis  ;  gnleft  jt  be  faid  that  it  vifited  that  Star  of  Aries ^  on  the  1 8^, 
and  returned  thence  the  ip*^,  into  its  ordinary  Courfe  :  For,  according  to  his, 
and  his  feveral  Correfpondents  ObfeiVaXion^,  the  Cornet  on  Feb.  17.  was  diftant 
fix)m  that  Firft  Star  of  Aries  at  leaft  i""  17 ;  and  on  Feb.  19.  (He  having 
mifled,  as  well  as  his  other  Friendst  the  Obfervatipn  on  Feb.  1 8.)  was  advanced 
in  its  way  12'  or  13',  but  yet  diftant  from  the  f^id  Star  fome  Minutes  a^ 
bove  a  whole  Degree,  and  confequently  far  from  having  then,pafled  it. 
After  which  time  M.  Ataout  affirms  to  have  feeit  it  as  well  as  feveral  others, 
for  many  Days,  and  that  until  Mar.  17.  obferving,  that  about  Feb.  26  or  27, 
when  the  Comet  was  neareft  to  the  often  mentioned  Firjt  of  Aries^  it  approach- 
ed not  nearer  than   50'. 

3.  Some  Eminent  EngUJh  Afironomers^  who  have  attentively  pbferved  the  Pod-  Tiyjmt  Engrua^^ 
tion  of  thisCfew^/,  do  jointly  conclude,  that  whatever  that  Appearance  was,  which  ^  [osr^!*^*, 
was  feen  near  the  Firft  $tar  of  Aries  by  M.  H^eliur  (the  Truth  of  whofe  p-  ^so* 
Relation  concerning  the  fame  they  do  in  no  wife  queftion)  the  faid  Comet  did 

not  come  near  that  Star  in  the  left  Ear  of  Aries^  where  the  faid  M.  Hevelius 
iuppofes  it  to  have  pafled,  b^t  took  its  Courle  near  the  Bright  S^arin  its  Left 
Homy  according  to  Bajier*s  Tables. 

4.  I  have  eafily  fo.vind  the  Principle  of  M,  Au^ut's  Ephemerides :  and  'tis  rh  FrimSphwr 
this,  thait  this  pTmet:  moves  about  a  Centre,  in  a  ftcaight  Line  drawn  from  the  ^i^"^^^ 
£art;h  thro*  the  Great  JDog^  in  fo.great  a  Circle,,  that  that  Portion  which  is  de^  m^^SV'**^ 
fcribed,  is  exceeding  fmall  in  refpeft'of  the  whole  Cirqumfercnce  thereof,  and  J^°5^^^ 
Jiardiy:(iijJi^uifliai)le  by  us  /lom.a  ftraightLine..  •  /,  a.V  ^Jj  * 

CcjncerniQg  the  New  Comtf  you  mention,  I  obferv'd.  id  Feb.  1 1>  about  the 
24**:  (Qjf  ^iftji  with  %\Nwthciin  I^ti^  •  .     >        . 
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n#  BMI0.T      est  r«  M  Akitmr  ^Sodf  i  or  4  Obferv^ibAsi  \iA\t  pufaliftetfc  Modiev  JR' 

?^^.°^7-ff^irf;/*«w<^    <r^^rning:  tSa  ItfotJoA  of  tlfc  Ce>«?«/r  which;  ha*  Bi^ft  begad  woIm 

frM^AuMut,  'ferve-4^.  2.  1665.  He  affirms  that  the  Line  defcribed  by  this  SlatwSaM* 

*-3.*rS*-.   ifl^g  hit*tel1» ^  grm'eibcfev«iri6fo\iftdihafl<M4l€r  G«*  of 

thteif  Cowfet     H^  fkttife  tb^  fatd  Ciwsle  irtcl^cd  » th\s£lpiiijKfeV*  about  atf^  3<^; 

al»d-  thr  i^AJi^^  where  k  cuts    it,    tovmitis  tltut  begkintil|g    (tf  6flMUit  aHdi 

S^itfafy :  that  it;  deeMn€5  frdm  the  Mcfikmr  about  2^%  a2)d  cucs^it  wwflctlf 

the    1 1*-,  and  confequently  that  its  greateft  Latitude  hath  been  towaidsP^wv 

al)d>  ks  gf^dltefl!  Dedlinatbn  fbVrafds  the  25*  of  the  ^^uaii^.    He  puts  ic  in 

it»  Perigee  zkKm.  is!"  of  j^^y^i^  a  lictlc  r»d^  Wefteriy  thsmA&ul^r  «tk0 

Wftg  ^  Pega/ui.  '  ♦ 

WnwJ j  *r ^-     2.  He  obferves  in  General,  that  AiBficond  Ccmet  is  colitraiy'  va*  tliB  preowfeiiB 

^"*«"-'*P'^ An»ft  in  ail'  PaiticutafS  :   Seeing^  drat  the  former  iftd*dJ  vmy  fiv4ft»  diis 

pmtty  flow ;   thaC  agaittft  the  Order  of  t&e  Sigifs  Stom  Sctft  t6  Wdt,  dliii 

ih>llb#i%  them,  i^om  Weftta£^;  th^  from  South  eo'Ni^rth,  this,  fww 

North  to  South,  as£irasit  hath?  been  hitherto,  thatw^  tieMd^  ofafer»^^ 

that,  on  tiLe  fidb  dpp(^  to  ^e  Sk%  this  on  the  iame  fide  ;  that  tovfug  beeni 

m^  its  P^i^i?^  at  th^  Timt  of  its  Opbofition^  this  bav^g  be^ntkere,  ontvof  the 

time  of  its  Conjundion.  He  taketh  alfo  notice,  that  this  Cornet  differs  in  Brigln^fr 

frdm  the  other,  as  w^lHn  its  Bs£fyi  whitb  is^  m^rit  viviid  anddiftkiift,  as'in 

MTrain^  whofe  S|}lendet  is  ittueh  greater,  finca  it  m^  bdl^  even  widt  g^^eac. 

Telefcopes,  M^hich  ^re  ufekfs  in-  the  former  by  reafbn  of  its  Dinuiefi* 

jtcmtt.  An.       cm.  I.  /*!».  1668*  MtT.  10^  I*  of  the  following  iughu(afttt^ihc  InUbm 

1668.  J  Bono- w^  of  ebunting)  I  obfdrVed  a  Pad*  of  Light  extended  from  tie  fnal^  itetcT 

fini.'t.^is?*^'^^^**^i  which  I  judged  to  be  the3>«m  of  a  C(mtt  both  fcy  the  ^iguftf 

p.  <^3«  and  Golbur^  2&  aJfo  becaiufe  that  the  IKreiStion  of  it  was  to  the  pait  oppoGtQ 

tottheSmy  like  othsrCdrnffis.     By  its^extereme  Point  it  reached  to  thatSbar 

in  Eridanus^  which  iscaHedthe  ^4  by  Baj^erus:  But  itiffiied  out  of  the 

Horiston&l  Clowds,   (o  that  I  thought  the  Head  of  the  Gomee  was  other 

Tailed  by  them,  or  hid  und^  the  fhrizon.^  Mar  zk  dier^  was  feen  a  Bright^ 

nefs  in  the  Wbak^  amongft  the  thin  Clouds,  at  lead  for  half  an  How,  tmicfii 

was  very  like  the  Splendor  of  l^ems^  litc^Wife  veiled  with  thift  Clouds^. 

Mar.  12.  When  the  Great  1%^  was  in  the  Md-be^'&e^^  th^&me  ?4i/appeaMit 
again.  It  paifled  dtfo^  the  Star  in  Eridanus^  which*  Ajyerus  caU^  the  15,  mid 
left  to  the  SouthWjtrd  the.f 4,  where  it  did  cerminale  A^.  ro^  Rsing  by  ^ktt 
Imagination  drawii  out  to  sfbout  j%  and  further^  ktSh^  td  tkas  Southern 
Star  which  precedes  th6  Ear  of  L^^  It  was  therefor  more  Nordicrly  Amk 
the  Day  before  Yefterday,  and  more  Ealfterly.  We  W€»e  doubcfut  whether 
^  '  its  Head  was  hid  by  the  Oouds'or  under  the  Hdtii^n.    BUt  dife^  Une  ^roin 

Jupiter  to  dte  Extremity  of  the  faid  Tail  in  the  Ctouds  was  Ipefpendicolar 
to  that  TaH^  fo  that  it  w^  in  the  Whde^,  Hkld  the  apj^lu'ent  partJi^oF  the  Ttmn 

reached-  out  in  Length  about  32^    •  '      >    •     .    • 

wftUfbohi  ^      2.  Mar  5.  ft,  n.    The  Qmetitfz^  firft  dUk^er^d  ?  feist  for  ail  mudh  as  it 

.p.  6t4.'      fet  few  hours  after  the  Sm^  there  couki  hithctto^  be^takMn^  co6j(ldwaMe4Db- 

feryations  of  it.    The  Eody  thereof  is  not  fteft)  becauftf  \t  rea^Miiiia  Kd  -.m 

I  the 
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.^  ^orizqn.  .  ^t$  ^min  is  x^/a  flupendicius  LeiOfipdu  Mteoded  in  Ajyieaijaiice 
^Y«r  almoft  the  4thj)att  of  the  v^ibie  Heaven,  n'om  Weil  to  E^&i  its  m- 
fif^rpipBf^dthi^Qt^tfS/OQd  Palm^  apd  its  Spfciukmr  ;very^i»e4t,  rbutit  Wjs 
knit  a  few  ^fe^ou^^; 

At  St. .Sulvadpr  Mtr.  5.  {ft. ,».) ^  7  a  Clock  at  Nigfct,  i%  Eftmc4  began  io  foinfii ^iy". 
fee  this  0»^  aiittlc  above  theHprixon  from  Weft  t;oE.S.E. '   The:  b^gifuiing  EftStff  ix. 
xi  io5  STtfi/wasa  littlp  under  the  two  iucid  Stars,  the  ix^  and   16*^  of  the  p.  91.   '  ' 
J^^haWs  BMk^  ov^  which  it  then  pafTed,  its  Point  bdng  as  'twere  at  the  8 
fwd  ^*  Wihich  aire  at ,  the  .bottom  of  the  Whalers  Belfy  ;  ,and  thus  the  whole 
Xccgrfi  thipr^gf  w*  rabowt  agf.  *T|^e  Gkbe  o^  Head  of  it  .was  ipvfcwll  ;and 
4h^,  'that. very  few  iGp^ld  dii^i^m  jyt  wit^  the  naked  Eye. 
;    Mar.  7.  X)ip  ica'aier,3ji[igiitriefs  w^s  fpmewhat  l^jTs,  ^d  become  ^fo  thiQ,, 
that  the  Eye  could  eafily  fee  the  Stars  that  were  behind  it,  which  by  Ca^jcftmc 
wr««e^thci4.apd;ai0*^i       : 

i^he  3W/  vm  ?Xwj^  .directly  .pppc^  to  the  Sm%  and  wheait  ^pear'fi 
Jhe  firit  TimcialnEM^  Hori^x^tal,  It  ^a&feen  in  the'fo]:in  of  aPil^r,.  the  He^d 
.ft^di^g-  a.Uttie  wdcr>  and  pn  t])e  fide  of  the  Star  of  the  fVbaley.  which  is  ki 
4he  JLat-  of  i^  46'.  and  the  Loi^g.  of  12**  42'.  of  Ar^es.  And  the  Pjwa/  did 
fliave  the  14*^  North  of  the  three  that  are  in  the  Belly ^  in  the  Lat.  of  2o*.. 
.3©'.  and  Long,  of  15°  57'.  of  Aries. 

T!id%  Qmet  was  ^at  firft  very  fplendid>  and  cafl:  itfclf  with  that  Vividnefs 
Vpon  .the  Sea>  >  that  the  Rays  thereof  were  reverberated  unto  the  Shpar,  where 
.'ihe  Obfcrvers  flood.  But  this  Bijightnefs  lafted  only  for  three  Days,  after  which 
ftf  ^d  conllderabjy  decay.  But  that  which  feemed fomewhat  Grange. was,  that 
having  loft  fo  much  of  its  Light,  yet  its  Bulk  was  oot  diminiihed>  but  cou- 
.ttnuecT  rather  incrcafiHg  until  the  Comet  difappear*d.  It  pafc'd.more  fwiftly 
ihaa  Venufy  whence  he  infers  that  it  was  under  Vmis :  yet  the  Anticipation 
.wasnot  fo'great,  that  it  could  be  beiiev'd  to  be  under  the  M>on^  as  he  would 
-have  it. 

.4.  P.PietroSufarte^  Reftor  of  Afc^iW,  in  the  E(ifi-lndies\  well  verfcdin  Matty's  ^  p^'^'J^T 
AJtronomiial^  writes  to  have  feen  the  fame  ail  aloi^g^the  Coaft  of  B(ma  Spermza.  iant.'/iT 

CIV.  There  bath  been  feen  here  a  New  Omet  fropd  the  ^d  of  Mar.fi.  n.^c^wf.  Aa. 
1671.  It  is  but  little,  having  a  Trmnnot  above  a  Degree  or  a  Degree  and^ck/^;,^, 
m  half  long.    It  is  now  {Mar.  9. )  about  the  Stars,  b  the  Right  Arm  of  Andromeda  Heveims.  «.  %\% 
Mi  her  Shoulder  Blade.    As  far  as  I  can  collect  from  one  or  two  Obfcr-  ^*  ^  '^* 
vations,  it  tend^  towards  the  Lucida  of  Andromeda^  Girdle^  and  that  with  a 
.dirc&  diurnal  Motion  of  about  2  Degrees  in  its  Courfe. 

The  )6th  of  M^rth  in  the  Evenipg  7^  40'  it  was  in  f  T.  and  in  35*  of  Nor- 
thern Latitude ;  as  I  guefs'd  by  the  hafty  Infpedion  of  a  Globe. 

Mar.  7.  in  die  Morning  2^  30',  its  Longitude  was  about  8**  V^.  with  a  fome- 
Mhax  leflcF  Latftiidfr  than  before :  in  the  Evening  of  the  fame  Day  it's  Longitjide 
was  IO** .  T.  and  Lat.  34*  fm. 

Mar.  8.  Inthe  Rlprning  4%  the  Long,  was  12°  T.  and  die  Lat  33°  Which 
yet  I  i^ould  i^ot  have  tal&ei*  p»:cifcly,  becauie  I  cannot  yet  xtiduce  my  Obfer- 
yidS^Qg^  xx>  z  Qakulnu 
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-j^...;..ty  ^.  Vb.  Ifaae  Nmtoh  Abut  the'i6of  Afor^i&;*^.  F.  fiwa  dull  Star  Soutk- 
**.'p.  40TJ!*'  '  Weft  of  Perfeusy  which  he  now  takes  to  have  been  that  Comet  It  was  rcry 
very  fmall,  and  had  not  any  vifibleJVi/7,  which  made  himrcgard  it  no  furdier. 
\At  Pani  hM  3'  ^^^  Mathematicians  of  La  Flefcbe  perceived  him  from  the  i6  of  March^ 
cijflixii.  n.  \i.  ft.  n.  and  gave  us  here  at  Paris  the  firft  notice  of  it.  Thpfe  of  the  Co^e  of 
^.4oiE.n.8**  Clermtmt  being  advertifed  of  it,  faw  him  die  25  of  the  fame  Month. 

Mar.  26.  7^  30'  in  theEveninff,  lA\CaJini  faw  him  between  the  Head  oiMedufa 
and  the  Pleiades  •,  without  a  Telefcope  he  appeared  no  otherwifc  than  a  Stir 
of  the  3*  Magnitude  •,  \{\sHeadktn  with  a  Telefcope  of  17  Foot,  appeared 
almoft  round  •,  but  it  was  well  defined,  and  diftinguilh'd  from  the  Nfimnefi, 
which  formed  a  kind  of  Chevelure^  wherewith  it  was  encompafled ;  and  even 
the  middle  was  a  little  confufed,  and  feemed  to  have  Inequalities,  as  arc  fccn 
tn  Clouds.. 

The  5^1/7  wa3  almoft  imperceptible ;  yet  by.  the  Telefcope  it  was  feen  turned 
oppofite  to  the  Sun^  and  it  appeared  of  the  Length  of  two  Diameters  of  the 
Head  or  thereabout :  For  it  was  not  eafy  to  meafure  it  precifely,  becaule  be- 
ing thinner  according  as  it  was  farther  from  the  Head^  its  Extremity  was 
infenfibly  loft.  And  fo  the  whole  Ccnnet^  Head^  Taily  and  Cbevelurij  tsken 
all  together,  took  iip  no  more  than  3  or  4  Minutes  of  a  Degree.  At  7*  48', 
he  was  in  a  ftraight  Line  with  the  Lucida  in  the  Head  of  Meduja^  and  with  the 
moft  Occidental  ont  of  the  Pleiades^  and  above  the  two  cleareft  Stars  of  the 
Southern  Foot  of  Per/eus ;  fo  that  a  ftraight  Line  drawn  thro*  thefe  two  Stars, 
did  almoft  touch  the  Southern  Extremity  of  his  Chevelure.  This  Place  of 
the  Cornet^  transferred  upon  the  Map  of  the  fix'd  Stars,  fell  predfely  enough 
tipon  ^f  25' of  Taurus^  in  15*  Northern  Latitude. 

With  a  Telefcope  3  Foot,  we  faw  near  the  Comet  two  fmall  Stars  diftantone 
Diameter  of  the  Sun  from  one  another,  which  Stars  are  not  in  the  Catalogues. 
The  Comet  was  in  a  Straight  Line,  drawn  from  one  of  thofe  two  Stars  to  the 
other  percifely  at  9^  15-.  but  a  little  nigher  to  that  which  was  Weft  ward :  But 
*     '  9^  33^5  he  was  equally  diftant  from   them  both.     It  was  taken  notice   of^ 

.  that  from  8**  5'  till  10^  26',  He  made,  in  refpeft  of  thefe  two-Stars,  an  oblique 
Motion  fcniible  enough,  going  from  North,  to  South  in  the  fame  time  that  he 
advanced  from  Weft  to  Eaft. 

Mar.  28.7**  42'.  in  the  Evening,  the  Comet  was  diftant  from  the  lefs  bright 
Star  of  the  Southern  Foot  of  Per/eus^  no  more  than  about  24'  Weftward.  Hfc 
had  almoft  the  fame  Latitude  with  this  Star  ;  fo  that  he  was-precifely  enou^ 
•€it  26°  8'  W,  and  in  the  Lat.  12**  8'.  At  8**  14'  we  took,  as  well  as  we  couM, 
the  Diftance  of  the  Comet  to  the  Star  in  the  Eye  o(  Taurus^  called  jfidebaran^ 
19^  38'.  and  i^  29'.  The  Diftance  of  the  Comet  to  the  Star-  called  d^pclla^ 
was  found  to  be  of  22'  32'.  ' 

Mar.   30.  9^^  35',  at  Nighty  the  Comet ^  feen  without  •  a  Telefcope,  appeat- 

cd  no  otherwife  than  a  Star  of  the  fourth  Magnitude :  thro-  the  Tilcfcdpe  hfe 

'exceeded  even  thofe  of  the  Firft  -,  but  he  was  very  dark,  and  in  what  manner 

foever  we  looked  upon  him,  we  could  obferve  almoft iio  ?tf/?  at  all  of  him. 

He  liad  paired  one  Degree  and  an  half  beneath  the  Lucida  oi  the  Southern  Fnt 
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•F  Perjiusi  fo  that  this  Star  was  cxaftly  in  the  thldft  of  the  Comet  and  the  lit- 
tle Star  of  the  Leg  of  Perfius^  marked  n  by  Baj^erusy  which  then  we  faw  not 
but  by  a  Telefcope,  A  ftraight  Line  drawn  from  one  of  thefe  Stars  to  the 
other^  did  almoft  touch  the  Southern  Umb  of  the  Omet^  which  being  transferred 
Upon  the  Map  of  the  Ftifd  Stars^  fell  upon  28"*  4^  of  Taurus^  in  the  Northern 
L^t.  of  9*  56'.  At  9*  45',  the  Weftern'Limb  of  the  Comet  touched  a 
ftraight  Line,  drawn  thro*  this  lefs  bright  Star  of  Perfeus's  Southern  Foot,  and 
thro'  the  moft  Northem  of  the  Head  of  Taurus ;  but  that  he  was  already  got 
fomewhat  nearer  to  the  Latter. 

Mar.  31.  8^  in  the  Evening,  the  Comet  was  in  a  direft  Line  with  the  Lucida 
h  the  Foot  of  Perfeus^  and  with  the  moft  Northern  in  the  Head  of  Taurus  \ 
but  he  was  more  than  twice  as  much  remoter  from  the  firft  than  the  other, 
and  being  transferred  upon  the  Map  of  the  Fix'd  Stars^  he  was  found  at 
15'  from  Gamnij  in  the  Latit.  of  8°  49'.  During  the  whole  time  that  we 
could  obferve  him  this  Night  (which  was  till  10  a  Clock)  he  quitted  not  this 
ifasaight  Lme,  which  was  alnnoft  parallel  to  the  Horizon :  notwithftanding  that 
his  own  particular  motion  fheuld  ratie  Turn  a  little  above  it ;  as  the  Parallax, 
W  the  contraryi  (houtd  fink  him  beneath  it  in  approaching  to  the  Horizon. 
It  may  be,  there  wm  a,  compenfation  made  of  thefe  two  contrary  Motions : 
poiiibly  alfo  the  EflFedt  of  both  was  not  fenfible. 

y^L  I .  The  Cmei  oi^uld  not  be  feen  without  a  Telefc6pe,  becaufe  the  M&on, 
bdsg  very  near  it,  hid  him  froni  ou*^  fight.  But  with  a  Telefcopc  only  of 
one  Foot  we  difcemed  hii^  eafily  tootigh,  ^tnd  found  that  he  had  paiTed 
45'  bey43nd  the  moft  Northern  Scar  Of  the  Head  of  TauruSy  and  that  he  muft 
hare  touch 'd  it  by  hid  Sou^r^  Limb  ^  ta  alfo  that  he  was  c^iftant  i"^  43', 
fiolni  ^c  St4r  that  was  neafeft  to  that  toward  the  South  t  which  is  equally 
Mght,  yet  not  marked  by  Ba^eru^,  This  place  being  transferred  upon  the 
Map  of  the  Fix*d  Ss^trs,  we  found  Aat  he  was  at  1/*  30'  of  Gemini^  in  the 
Northern  Latit.  of  7*4^'. 

Jpril.  2. 8^  in  Even.  M,  Caffini,  having  ohferved  the  Comet  with  a  Telefcbpe  ' 
of  one  Foot,  which  difcovered  5',  found  that  he  was  two  Deg.  and  half  diftant 
from  the  moft  NoHJjem  Ster  of  Taurus  v  and  one  Deg.  from  the  Star  of 
the  Ear  marked  4)  by  Bayerusj  and  by  Tycho  called  Sequentis  Lateris  Boreu 

Two  Lines  drawft  from  the  moft  Northern  Star  of  Taurus^  one  to  the  G?- 
me^  the  other  to  the  Star  that  is  wanting  in  S^^ti^,  made  a  Right  Angle  -,  and 
Hat  Diftianceof  the  Comet  f^  this  Angle,  wa^  double  to^  that  which  is  between 
tbefe  two  Scars,  Thi5  place  transferred  upon  the  Map  of  the  Ftx'd  Stars  fell 
00  a"  4Sf  of  Geminij  in  the  Northern  Latit.  of  &"  40'. 

jifril^.  9V  we  faw  him  with  the  one  Foot  Telefcope.  K[e  hadpaffed  over 
the  u&per  Star  of  the  Ear  of  Taurus^  »dhe  made  with  this  Star  the  Bafis  of 
an  Ifojceles  Triangle,  on  the  Top  whereof  was  the  inferior  Star  of  the  Ear. 
The  two  Sides  w  tWs  Triangle  were  two  times  and  an  half  bigger  than  the 
Bqfb  \  fothat  the  Comet  wa«  4'*  of  Gemini^  in  the  Northern  Latit.   of  5<»  38'. 

jipr.  5.  8»»  at  Even,  the  C<>mep  had  paffed  the  Northem  £^r  of  Tawrusy  and' 
inas;  eqi^y  diftant  f]r<>m  the  Upper  Star  of  the  Northem  Ear  and  from  that 
wJaich:  was  on  the  FrwU  erf"  Taurus. -    He  was  alfo  as  diftant  from  the  Inferior 
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Star  of  the  Ear  of  Taurus^  as  this  Star  is  from  the  nert  Wcftward,  by  Tycb0 
called  Inferior pracedentis  Lateris  Siuadrilateri  \  and  a  ftraight  Line,  drawn  thro* 
the  Comet  and  the  upper  Star  of  the  Ear^  made  an  almoft  Right  Angle  with 
another  Line,  drawn  from  the  Comet  to  the  Inferior  of  the  two  Stars,  that 
are  above  the  Eye  of  Taurus.  This  Place  being  carried  over  to  the  Map  of 
the  Fix^d  Stars ^  the  Comet  was  found  at  6""  i8'  of  Gemini^  in  the  Northern 
Latit.  of  3°  41'.  He  was  fo  confufed  this  Night,  that  even  with  the  17  Foot 
Telefcope  we  could  not  exadUy  diftinguifh  the  Head  from  the  Chevelure  which 
environed  him.  The  whole  appeared  a  little  bigger  than  the  Dilk  of  Jupiter^ 
feen  by  the  fame  Telefcope. 

Apr.  6.  S*'  at  Even,  a  ftr^ht  Line  drawn  from  the  Comet  to  the  Star  that 
is  in  the  Front  of  Taurus^  made  a  Right  Angle'  with  another  flraight  Line 
drawn  from  this  fame  Star  to  the  Inferior  of  the  two  that  are  above  the  Eye  :■ 
and  the  Diftance  of  this  latter  Star  to  that  of  the  Front  of  Taurus  was  twice  the 
Diftance  of  the  fame  Star  of  the  Front  of  Taurus  to  the  Qm^t.  This  Place  be- 
ing transferred  upon  the  Map  of  the  Fix'd  Stars^  the  Omet  was  found  at  7"  25' 
of  Gemini y  in  the  Northern  Latit.  of  2*  45'.  At  ,9''  6'.wefawon  the  fide  of 
the  Comet  a  Star  fufficiently  clear,  which  was  not  farther,  diftant  from  him  than 
a  litde  more  than  the  Diameter  of  the  Comet^  and  that  was  at  the  fame  Height 
of  the  Horizon. 

Apr.  y.  g^  in  the  Evening,  the  Comet  was  equally  diftaut  from  the  Inferior 
Star  of  the  Northern  Ear  ot.TauruSy  and  from  the  Superior, of  the  Root  of  the^ 
Northern  Horn.  He  was  alfo  as  far  diftant  from  this  latter  Star,  as  this  Star  is 
from  that  of  the  Front.  This  Place  being  carried  over  to  the  M^  of  the  Fix*i 
Stars  J  fell  on  8*"  30'  of  Gemini^  in  the  Northern  Latit.  of  i"*  56'. 

All  the  Places  of  the  Cornet^  that  we  have  obferved  till  now,  fall  into  a  Line- 
little  differing  from  an  Arch  of  a  great  Circle,  which  cuts  the  Ecliptick  in  id*' 
45'  of  Gemini  J  and  which  confequently  hath  its  greatefl:  Latitude  in  lo*  45'  of 
Pi/ces  ;  which  Latitude  is  between  39*  and  40*  Northward.  The  fame  Circle 
cuts  the  ASquator  at  loi  degrees  of  the  Vernal  Self  ion  Eaftward  j  and  its  great- 
eft  Declination  from  the  ^j«^/^r  Northward  is  of  ^S^'i. 

Having  chofen  two  of  our  Firft  Obfervations  (becaufe  the  latter  arc  not  lb 
proper  for  this  Purpofe)  and  having  taken  a  Mean  between  the  firft  Oblerva- . 
tions  of  the  Mathematicians  of  La  Flefche^  we  found,  by  our  Method  explained 
in  the  Theory  of  the  Comet  of  1665,  that  this  Com'et  had  been  in  his  Perigee 
the  12  of  March  at  8  a  Clock  in  the  Morning:  that  in  that  time,  which  is 
that  of  his  greateft  apparent  Celerity,  he  made  about  2"*  32'  a  day  in  the  .great- 
Circle  of  his  apparent  Motion,  and  y-J-Jw  ^^  ^^  Perigee  Diftance  in  the  Line 
of  his  Equal  Motion :  that  he  was  in  his  greateft  Declination  the  tith  and  1 2/^ 
of  March  ;  and  that  at  that  time,  he  paffed  thro'  the  Inferior  Meridian  at  about  * 
two  a  Clock  after  Midnight.  .  , 

If  we  have  rightly  determined  his  Perigee^  and  that  the  Hypotbefis  q£  the 
Equality  of  his  Motion  be  juft  for  that  time,  he  hath  been  vifible  fince  thcv 
Middle  of  February^  at  which  time  he  was  as  far  diftant  from  his  Perigee  by 
Approaching  to  the  Earthy  as  he  is  at  prefent  by  Receding  from  it.    He  mulb' 
then  have  been  at  the  extremity  of  the  Southern  fVing  gf  the  Swan^  and  arrived 
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at  the  Southern  Foot  of  Pegafus  on  the  23  of  Febr.  of  the  fame  bignefs  that  he 
was  feen  to  be  of.  Mar.  28.  He  muft  have  arrived  at  the  Stars  ofthe  Northern 
Arm  of  Andromeda^  Mar.  9.  at  thofe  of  her  Gtrdley  12.  when  he  was  in  his 
Perigee  J  and  in  his  greateft  Declination;  to  her  Southern  Legy  Mar.  15.  be- 
tween her  Southern  Leg  and  the  Triangle^  Mar.  18.  very  near  as  he  was  obferv- 
ed  at  1.^9  FJefibe ;  and  under  the  Head  of  Meduja^  Mar.  25.  The  Days  enfu- 
ing  he  muft  have  arrived  at  the  Places  marked  in  our  Firft  Obfervations :  But 
in  the  laft  he  hath  been  fwifter  than  this  Hyptbejis  will  bear.  To  reprefent 
thefe  latter  Obfervations,  the  Line  of  the  Motion  ought  to  have  been  made 
Curve,  as  we  did  for  the  end  of  the  App^ent  Motion  of  the  Comet  1665, 
with  this  difference,  that  inftead  of  that  Line's  being  Convex  in  regard  of  the 
Earthy  becaufe  the  Motion  was -R^/r^^r^^fe,  this  was  to  be  Concave  towards 
the  Earthy  becaufe  that  the  Motion  of  this  Comet  is  Dire£l. 

It*s  a  Thing  worth  obferving,  that  this  Comet  keeps  his  Courfe  almoft  like 
that  of  the  2  Comet  of  1665,  and  another  of  1577*  obferved  by  T-jcbo.  For 
they  have  pafled  thro'  almoft  the  fame  Conjiellations ;  tho*  this  be  more  inclin- 
ed Northward,  and  cut  the  Ecliptick  5  or  6  Degrees  more  forward  than  that 
of  1665.  So  that  it  feems  that  in  this  Place  of  theJSeavens  there  is,  as  'twere, 
a  Zodiack  for  Comets. 

CV.  I.  Mr.  Romer  firft  took  notice  of  the  new  Comet ,  Apr.  28.  New  Style,  ^ <rci«f.  An. 
1677.  ^"^  '  being  prefently  inform'd  of  this  appearance,  at  4'*  6'  31%  after ^JJ'c^ni'* 
Midnight  we  took  its  Altitude  1 2**  22'  10''.  Ijudged  itto  be  ina  Verticalde-n.i3;p«86«- 
cfining  from  the  Eaft  towards  the  North  about  330.    On  the  29  in  the  Morn- 
ing it  was  feen  by  Mr.  Picard  for  a  Moment  through  the  Clouds  at  3*"  9'  31" 
ater  Midnight  in  the  Altitude  of  4"*  39'. 

On  May  2**  in  the  Morning,  the  Right  Afcenfion  of  the  Midheaven  by  the 
fixt  Stars  being  %€f.  the  Altitude  of  the  Comet  was  4"*  5'.  The  Diftance  of 
the  Vertical  from  the  North  towards  the  Eaft  was  about  42*^  8'.  On  the  fourth 
Day  in  the  Morning  at  3^*  30'.  after  Midnight,  the  Altitude  of  the  Comet  wa3 
5*  33'*    The  AzitmUb  Diftance  from  the  North  to  the  Eaft  was  about  42**  32'. 

On  the  fifth  Day  at  3*^  32'.  The  Altitude  of  the  Comet  was  5**  10'.  The 
Aximuth  Diftance  from  North  to  Eaft  was  about  440  lo". 

By  thefe  Obfervations  the  Comet  at  firft  was  in  the  Triangle,  afterwards  near 
the  tiead  of  Medu/a^  and  Ihew  that  it  proceeded  according  to  the  Series  of  the 
Signs,  by  a  Line  that  was  very  near  and  almoft  parallel  to  that,  which  was  de- 
icribed  by  the  Comet  in  the  Year  1590,  in  the  Month  of  February.  The  big- 
ncfs  of  its  Head  feen  through  the  Telefcope  was  almoft  equal  to  the  Dilk  of 
Jupiter^  or  fomething  lefs.  Nor  did  it  appear  perfectly  round,  but  of  an  Oval 
Figure,  the  longer  Diameter  being  parallel  to  the  Horizon  j  which  feem'd  to 
be  owing  to  the  Horizontal  Refradtion. 

Its  Capillitium  feen  through  the  Telefcope  was  fomething  wide,  and  nearly 
Parabolical  •,  but  to  the  naked  Eye  it  feem*d  narrow,  and  was  a  little  infleded 
towards  the  Weft. 

2.  A  0?/»tf/ has  appear*d  lately,  which  was  firft  obferved  here  at  D^;//:3/V*,>ff  Dmaick, 
Apr.  27.  in  the  Morning.  On  the  29'*^  it  arofe,  or  rather  appear'd  to  fight,  ^j; "J*  "g"^"'^"* 
at  1*"  52'.  at  North-Eaft  and  by  North.     It  had  no  large  Head^  yet  it  was' 
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bright  enough,  confiftii^  of  one  fhining  Nucleus,  Iflce  that  whieh  ivw  fti 

An.  1 665,  It  ftretch'd  ovit  a  Tail  pretty  lumiaoqs,  with  Rays  diyaricatsng 
upwards,  of  almoft  two  Degrees.  The  Line  >of  DircfliQn  of  the  TaU  beng 
continued,  proceeded  between  Alanm  the  bright  foot  of  AnJrmeda^  aad  fcer 
Girdli,  and  divided  the  Diftance  of  thefe  Stars  as  it  were  into  two  equ«l  Partft. 
It  was  at  that  time  above  the  Head  of  Aries^  in  the  Triangle  between  the  ApcK 
and  the  Northern  Star  in  its  Bafe,  that  is,  in  5^  of  Tm$w^  ^  iq  tz*  Nordi 
Latitude.  At  this  time  it  was  diilant  from  the  Suf$  only  5""  accordifig  to  Lcum 
gitude,  but  in  its  own  great  Circle  20*.  Since  then  this  Comsf  w^s  (6  near  the 
Sun^  it  could  not  fliew  its  Tail  any  longer,  tho*  in  my  Opijvpn  it  hsd  one  niudi 
longer,  nay,  I  think  in  a  few  Days  it  will  fhew  it  much  fliorter. 

Apr.  30.  it  w^  found  in  9^  of  Taurus^  with  18**  of  Nojrch  i4atitude»  and  air 
moft  as  far  from  the  5««,  being  in  12^  of  b.  It  fpread  its  Tail  again  two  Dte^ 
grees  or  more,  to  the  Northern  Star  in  the  Bafe  of  the  Trtaagl^  which  Star 
might  plainly  be  feen  by  good  Tubes  at  the  Point  of  the  T^l. 

May  I.  at  2**  32'.  in  the  Mornhig  it  was  found  in  1 1**  of  Taurus  wirii  Nonh 
Latitude  18^  almoft  in  Conjun&ion  with  the  Sm,  and  bai^  diftant  almoft  as 
many  Degrees  from  the  Sun.  Its  TaU  was  ftiU  bright,  but  Something  jQiQitcr, 
tho*  wider,  which  it  ilretched  out  to  the  bright  Foot  of  AMromeda, 

From  Apr.  29.  when  firfl  I  obferved  it,  to  this  Day  Mfy  i«  it  compleaied 
nearly  5*  30',  by  its  own  proper  Motion. 

As  far  as  I  can  colledl  from  thefe  Obfervations,  it  moves  with  a  diroft  Mo^ 
tion  to  the  left  Foot  of  Perfius^  above  7aiirusy  to  the  Feet  of  Qmim%.  if  it  will 
continue  long  enough.  The  Defcendii^  Node  is  about  20^  of  Gmm^  (but 
this  is  only  a  rude  Conje&ure,)  and  thus  it  will  pafs  the  EcUftk  in  that  Piace» 
and  then  will  become  Southward,  with  an  Inclination  of  its  Obit  of  almoft  27^ 

Mof  2.  in  the  Evening,  at  8^  45'  <^o'  no  Stars  fhined  out  in  that  Ptat  of 
the  Heavens,  and  there  was  an  intenfe  Twilight,  yet  I  prelj^nely  foued  die 
Comet  with  my  Optical  Tube.  A  Utde  after  I  found  hin^  with  3^  30'  of  Alti- 
tude. His  Tail  on  account  of  the  Tvfilight  was  very  thin,  whkh  he  ftreidied 
out  between  each  Knee  of  Cajfiopea^  but  nearer  to  the  left.  It  fat  that  Evening 
at  North-north-weft. 

On  May  2,  in  the  Morning,  the  Comet  arofe  at  N.  N.  E,  at  1*  33',  tjba'die 
Tail  was  difcovered  by  us  fomething  fooner  at  i*"  18'.  It  was  at  1.4^  m  M^ 
almoft  in  Conjun&ion  with  the  Sm^  having  17*  of  Latitude,  and  aknoft  die 
fame  Diftance  from  the  4?^;^.  This  day  it  ihew*d  its  Tail  much  k>nger  and  hob- 
ter  defined,  and  very  bright,  of  near  2  or  3  Degrees^  Thus  it  was  found  tsy 
myfelf  and  other  quick-fighted  Speftators  with  the  naked  Eye,  at  3^  34'^  and 
with  the  Telefcope  at  3^  40',  at  the  height  of  1 1*  30' ;  fo  that  the  Ax9  acthac 
time  was  deprejBTed  only  6°  below  the  Horizon ;  nay,  we  had  fecn  it  hMtgeit> 
if  fome  litte  Clouds  had  not  intervened.  His  daily  Motion  feem*d  to  decreafe, 
as  far  as  I  could  judge  by  Conjefture  without  any  Calculation.  For  betwecr^ 
29  and  30  of  April  it  was  near  2<*  45^,  between  Apr.  30  and  May  i.  it  was  e* 
15',  between  i  and  2  of  May  it  was  i*^  5^^  between  2  and  3  Mfffy  it  was.  i*^ 
40'.  But  the  Obfervations  themfelves  and  the  Calculation  will  fhew  this  plainer* 
QnMay  4.  in  the  Evening,  the  Air  being  very  pure,  at  8**  .53'  the  Comnt 
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tras  anin  difbover^d,  but  was  a  little  obfcurer  than  the  foregoing  Days,  and 
its  Tm  was  fhorter.  On  iWby  5  in  the  Morning  at  i^  41',  projeding  its  Tail 
tQwards  the  right  Knee  of  C(^gi$pea%  it  was  in  1 7»  of  b,  with  w'dl  North  La- 
titude, and  at  the  lame  Diftance  from  the  Sm.  Its  proper  Motion  from  the 
j'Tto  the  5'**  of  Mojf  wasalmoft  2'  40',  the  Latitude  decreafing,  that  is,  from 
the  Beginning  almoft  to  3%  fo  as  from  the  29  oi  Jpril.  The  proper  Motion 
of  the  Comet  from  Masf  5.  was  almoft  12^  On  May  6^  in  the  Morning  its 
Place  W4uin  iS<^of  tJ,  with  North  Latitude  15^  30'.  The  5i^»  being  then 
in  17"*  of  tf .  The4Mly  Motion  was  about  50'.  As  to  its  Head,  it  feem*d 
thinner  smd  weaker  than  the  Tail,  becaufe  die  Sm  was  difent  tiot  above  i6t 
Degrees.  On  May  6,  in  the  Evening  it  was  feen  with  the  Optic  Tube  at  8*- 
l^.  with  its  Tail  ftill  fhorter  and  m<Mre  dUate ;  but  as  it  was  in  a  lower  Siaiadon> 
and  ao  intenie  Twilight,  it  could  not  at  all  be  perceived  by  the  naked  Eye. 

On  Afoy  7.  it  was  firft  perceived  at  2^^  22\  at  the  Altitude  of  3%  fo  that  it 
feem'd  to  be  very  thin.  It  was  at  that  -time  in  29*  of  B  •  Its  proper  Motion 
d€Crea£bd  more  and  more,  as  far  as  could  be  known  without  Calcidation.  Qki 
May  8.  from  one  in  the  Morning  it  was  carefully  fought  fen*  with  the  naked 
Eye,  but  did  not  appear.  Yet  it  was  found  with  a  12  foot  Telefcope,  having 
a  Tail  ftill,  but  a  very  ihort  one,  extended  a  little  from  the  Vertical  Circle  ta 
die  left  Hand.  As  far  as  I  could  guefs  it  was  in  20''  of  b»  at  the  Diilance  of 
15^  from  the  Suny  which  was  then  in  lo^  of  b.  At  this  time  it  was  nearly  in 
a  right  Line  with  the  right  Shoulder  of  PerfotUj  and  Algol  df  Medkfa.  The 
Diaineter  of  the  Gm^/compaied  with  that  of  Jupitar  hardly  came  up  to  half. 
As  to  the  reft,  it  was  ftill  confpicuous  enough  by  help  of  tlie  Tube,  fo  that  at 
^  45^.  I  could  fee  it  diftindly,  at  the  Altitude  aln^koft  of  9%  whence  we  may 
colleft,  that  the  Arch  of  Vifion  was  dien  hardly  5^.  For  then  the  Sun  was 
hardly  5*  below  the  Horizon,  at  what  time  all  xi^^  Stars  except  Jupiter  were 
taniihed.  On  May  8  in  the  Eveninjg,  the  Comet  was  no  kttiger  to  be  difcover- 
cd,  either  with  the  naked  Eye,  or  with  aiy  Telefcope. 

3.  The  firft  certain  notice  I  had  of  this  Comet  was  on  April  21.  The  22  ^  G«e«iwrcfrf 
x£  Apr.  at  about  4  a  Clock  aft«  the  Midnight  fbibwing^  Ifaw  the  'J'^ilt^]^i^^^^ 
xaifed  almoft  perpendicular  to  the  Hocizon  y  foon  after  the  Head  appealed  thro^ 
a  thin  Vapour,  from  which  the  Tot/ pointed,  as  near  as  I  could  guefs,  upon 
ib&  4?  in  the  Knee  of  Caffiopeia^  its  Length  being  about  6  Deg.  and  Bceadcb 
at  the  Top  of  about  7  or  8  Min.  Viewmg  the  Head  with  a  Telefcope  of  16 
Fool,  I  found  it  was  not  perfedty  round,  but  indented,  and  not  near  one 
ikfoy.  Diameter.  Afterwards  I  haftened  to  meafurc  its  Diftances  from  feveral 
SatA  Stars  ^  which  were  as  follow* 
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h. ' 


( 446, ) 


2  44 

00 

2  47 

15 

2  55 

3 

2  59 

10 

3  12 

2 

3  21 

22 

3  27 

54 

3  ^6 

20 

Its  Head  and  the  F^/  of  Andram.  Alamecb. 
That  Diftance  repeated    ■  ■ 

Its  Head  from  Capella 

Its  fliftfi  from  -^/^^/  in  Medufd^ 

-  from  Mirach  ■■    - 
from  Alamecb  again 

-  from  Capella  again 


•  repeated 
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II 26 
II  26  50 

iS  16  54 

19  35    o 
»i  33  30 

30  59  45 


15 

24 


At  4"  2i't^.  ».  the  height  of  the  Comet  was  about  5"'i,   therefore 


the 


yf  Ceniit,  An. 
i68z.  4(  Dant- 
xick  ,•  by  AT. 
Hevclius.   ?A. 
Co/,  n.  3.  p.  65. 


Diftance  of  the  Headof  the  C^/»^/  from  Algol  correfted  by  Refra6tion,  8*  19'. 

from  Miracb 19  37 

And  admitting  with  i&vtf/i^J  the  Place  of  Miracb  now  in  T.  21*40'  34* 
with  North  Latitude  2f  57',  its  Diftance  from  Algol  will  be  23**  42'  40", 
and  the  Place  of  tht  Head  of  tht  Comi  in  «  14*  48'i,  with  North  Latitude 
17^8'.     ■  -         •    - 

At  3^  28',  I  ftate  the  correA  Diftance  of  the  Comet* s  Head  from  Capella 
31'' 00';  from  Alamecb  11°  40'  5  and  therefore  its  true  Place  in  b  14*  05  i^ 
with  North  Latitude  17"  6'  25":  agreeing  very  well  with  the  Place  derived 
from  the  former  Diflances  from  two  other  and  diflPerent  Stars. 

The  Itail  was  not,  it  feems,  direftly  oppofite  to  the  Sun:  for  the  Suf^s  Wace 
was  now  b  13*  7' ;  but  the  Comet  being  in  14*  47'  of  the  fame  Sign^  that  is 
!•  40'  in  the  Confequence  of  the  Suny  the  7ail  pught,  if  it  had  been  exaftly 
oppofite  to  the  Stin^  to  have  lain  in  Confequence  of  the  Head  ;  but  the  Knee  of 
Cajiapeia  is  now  in  b,  13®  24',  in  Antecedence  of  the  Cornet^  whofe  Tail  lay 
not  therefore  in  Confequence,  but  in  Antecedence  of  the  Line  pafling  thro* 
its  Head  and  the  Sun^  at  about  an  Angle  of  lo*. 

Next  Night,  being  that  following  the  23  of  Aprils  about  %  of  an  Hour  after 
two,  its  Tail  appeared  much  fhortcr  than  laft  Morning:  At  2*"  51',  its  Head 
was  from  Miracb  2 1**  9'.  Hence,  and  from  a  Courfe  of  Obfervation  of  it  fent 
me  by  an  ingenious  Friend,  I  found  its  Motion  was  direft,  and  its  Latitude 
dccreafing. 

CVI.  I  obferved  the  late  Comet  firft  in  the  Morning  before  Sun-rifing,  from 
the  2^*  to  the  4^  of  D(?f^w^^,  An.  1680.  Then  in  the  Evening,  from  i>- 
cember  24.  to  the  Vernal  Equinox.  In  the  Morning  it  was  in  «&  and  ni,  with 
Southern  Latitude.  In  the  Evening  in  XP.  x,  K,  r,  and  W,  with  Northern 
Latitude. 


jtCimtt,  An.  evil.  I  have  obtained  many  Diftances  from  the  fixt  Stars,  as  alfo  Meridian 
i6st.«f  Dant-  Altitudcs,  of  the  late  Comet.  It  would  be  too  long  to  mention  them  all,  nor 
H^vciiS.  '  ^^vc  I  tii^e  to  fubmit  them  to  a  ftrift  Calculation.  It  may  fuffice  to  ^y  at 
••  '43«  f-  ifi.  this  time,  that  this  Gmet  was  firft  feenhereat  Danizick  on  Aug.  25.  New  Style* 
1682,     And  that  from  Aug.  26.  to  Sept.  7,  it  was  duly  obferved  by  me.      But 

whar 


what  was  its  P^i  what  Its  Velocity,  what  was  the  Angle  that  its  Orbit  made' 
with  the  Ecliptic^  may  appear  from  the  following  Table.  But  this  I  would* 
have  you  know,  that  it  was  not  compofed  by  any  accurate  Calculation,  but 
drawn  from  a  confideration  of  the  Globe,  by  a  loofcr  way  of  reafoning. 
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i  So  as  by  its  own  Motion  tn  its  own  Dfbit  from  ^ug.  26.  to  Seft^  13.  it  has . 
moved'  83**  27'.'  And  in  the  Ecliptic  91**  30'.  But  its  Northern  Latitude  has 
increafed  to  26%  and  again  has  decreafed  to  1 2^  30'. 
Obferve,  'that  its  Northern  Node  is  in  24**  «,  and  its  Southern  Node  in  24^ 
».  But  its  Limits  were  in  24"*  ft  and  ^.  The  Jngle  of  the  Orbit  and  the  JE- 
cUptic  was  nearly  26°.  But  whether  for  its  whole  Duration  it  was  intirely  con- 
fiftent  with  its  Nodes^  -or  whether  it  varied  and  how  much,  will  appear  by  the 
Calculation. 

For  its  whole  Continuance  the  Head  was  fomething  brighter  and  greater 
than  that  of  the  Year  16^1.  But  on  the  contrary  it  had  much  a  fliorter  Tail. 
h  the  Head,  by  means  of  a  Ipng  Tekfcope,  we  could  obferve  but  one  Nucleusy 

fd  that  always  of  ah  Oval  and  Gibbous  'Figure ;  except  that  on  Sept.  8.  efpeci- 
y,  a  very  bright  Ray  proceeded  from  the  Nucleus^  which  was  partly  crook- 
€d> 
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td,  and  paflbd  mto  the  Tail    This  defervea  notice,,  iot  tal  ittnember  i  lltte 

not  feen  the  like  appearance  in  any  other  Cornel. 

Befides  it  may  be  ohferved,  that  fptmetimes  it  direAed  ka  Tai)  pretryr  exaA* 
1^.  isfi.  ly  in  Oppolition  to  the  Sa»,  as  -/%,  30,.  in  the  Morning.  But  ofteo  with  a 
notable  Deviation,  as  is  common  in  moft  Comefs.  Alfo  its  Coffia  had  not  al- 
ways the  fame  length.  At-firft  the  Tail  feem*d  to  havp  a  length  of  1 2  ^'^  aftcr- 
itarda  fomctimes  (hortef,  and  femctimes  longer  as  far  as  i5''or  16'':  But  to-; 
wards  the  End  it  diminifhed  continually. 

ACcmt  An.       CVIIL  Jh.  1683.  JuL  jQ.  at  ii*"  go'.    Ih  OUT  DCW  ^Conftf llatinn  the  Ij/g^r 

j^Sjl^-f  Dait-  or  Lyvx^  I  perceived  a  Cornel  here  at  Dantzick  j  ftretchjng  out  its  Tail,  which 

H^d/i.^'      ^^  "o^  ^^ry  *^"g»  upwards  between  the  Polar  Star  MdCq^Ssp^ig^  widt  ibme 

fi.  i]lf.  416.  Inclination.    It  made  a  right  Line  with  the  uppermoft  Star  of  J^e  Hiod  of  \A- 

r^a  and  the  right  Shpulder  of  Perfeus ;  as.  alfo  with  the  jB^^  of  the  greater  JSmt 

and  the  right  Shoulder  off  ^«r/^^^ ;  as  alfo  with  the  middle- Star  of  the  Tail.taL\ 

o(F  the  Si^oi  the  great  Bear.    Thea  ttking  a  Tube  pf '  i^Feet^  I  confidcrcd 

this  Phenomenon.    The  Head  indeed  was  pretty  large,  but  the  Matter  was  not 

very  denfe.    So  that  in  this,  there  appeared  no  bright  Nkclmf^  nor  difli|i€t  Cor- 

ptifdes,  35  are  generally;  found  in  moft:  others.    At  ne^  m^  it^  Altitude  wsm 

i9'  5/-  '   - .    .  ^  •-  '    !  V       • 

July  31.  m  the  Evening,  that  is^  at  1 2^  joV.  whea  its.  Altitude  waS'  21**  zf 

itj  made  a .  right  Line  wiah  the  Foot  of  JmrigA  and.  Capellk.,    The:  Tiul  istas  raj  ^ 

dilute  and  thinner  than^^effierdayj  but  fomcthing,  longer,  - 

Aug.  4..  in  the  Mpmiigj  at  that  timb  it  was^ib  far  rem.Qved  frottMhc  Of^ 
Shoulder  0f  Auriga^  as  ti^faid  Shoulder  is  diflan^t  front  ti^  H«id  of  the  JUL 
But  the  left  Leg  o^  Pefjeusx  Caplk^  andLthc..Ci?a£r^lefm*d  to  be  id  a  right. 
Line.  -       ■  "     •  .  I  .    •      (J 

Jug.  1 4.  in  the  Eveniflg,.  at  near  tj\  the  Omei  Waa.  within  f«ur  Kttfe' 
Stars,  one  of  which' was  attheuppet  Pagt  of  the  Qmt  in.  Goniwdioii  with  ic^ 
at  the  Diilance  of  onk  i'^^  fo  near  it  wtas  tathe  Limb.     At  which^time  I  meik* 
fured  the  Diameter  of  the  Cfl«w/  with  my  Microaaetqr,'  aed  found  it  &  5". 

Jug.  2d.  in  the  Evening*  it  extended irs  very  ikon  and  thin<  &i9^ibct\Mea 
C^/tf  andthe-ffewrfof  theAifrf; 

On  the  20  of  Jug.  in  the  Evening  it  was  very  near*  tp  each  Kdyio  that  it 
made  almoft  an  Equilateral  Triangfe  with  them,  the  Sides  of  which'  aLsooft 
equalM  the  Diflance  of  the  Kids^  which  ss.  about  47'.^  Befides  the  GuMt  la^de 
an  Equilateral  Triangle  with  G;^^  and' the  Stat  at  the  bottom  of  the  rig^it 
Foot  of  Perfeus^  the  Bafe  of  which  was  the  Diftance  o£  the  iannie  fixt  Stacs. 

Jug.  24.  in  the  Evenings  it  was  between  CapelU  and  the  Pleiades^  fa  thtt  it 
feem'd  at  the  fame  Diltance  from  each..  Then.  Gz^ZJ?,  the  C^^  and^the 
Pleiades*^  zKo  Jlmanacy  tht  Head' of 'Meiiifa^  and  the  iC^W/;  alfo  the  fi^hc 
Shoulder  of  Juriga^  tb^  Cornet^  and  the  Star  that  follaw&iiielrfti*^/ of  Pir- 
feus  *,  nearly  made  a  right  Line.  Tet  in  this  lad  Cqnftitution^  the  Omit 
feem*d  to  go  rather  below  the  right  Line; 

Jug,  25,  in  the  Evening, v.  it  alm6ft:made  a  right  Line  wich>G^i^i}>smd-the 
HeadofthcKd.  \:  Z.'     . 
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Aig.  29.  at  I**  5'.  in  the  Morning,  it  was  accompany'd  with  many  very 
ixunute  and  bright  fixt  Stars,  that  is,  the  SuHefcian  Stars ;  and  was  diftant  from 
the  Weftern  Point  of  the  Pleiades  not  above  42'  35''. 

The  fame  Day  in  the  Evening,  it  was  found  much  more  advanced,  con- 
trary to  the  Series  of  the  Signs  ;  that  is,  almoft  4''  in  the  Space  of  24  Hours. 

Aug.  30.  in  the  Evening,  the  Comet  was  diftant  not  above  32'  41^,  from  a 
certain  very  confpicuous  little  Star,  and  conftituted  a  right  Line  with  Mufca^ 
and  that  in  the  Bafe  of  the  Triangle,  and  then  alfo  with  the  foremoft  in  the 
Fooi^  and  that  in  the  Knee  of  Perfeus. 

Sept.  2.  in  the  Morning,  the  Comet  was  between  the  Pleiades  and  the  Knot  oF 
the  Line,  making  a  right  Line  with  Mufca  and  the  bright  Star  in  the  Whak*s 
Jaw^  and  with  the  loweft  in  the  Haunch  of  the  BuU  and  the  Jaw  3,  Triangle 
almoft  equicrural,  the  Vertex  of  which  is  the  aforefaid  Jaw.  Alfo  it  made  a 
light  Line  with  the  two  in  the  Front  of  the  ff^bale ;  alfo  it  was  as  far  diftant 
nearly  from  that  towards  the  Weft,  as  they  were  from  one  another. 

This  Day  I  again  meafured  very  diligently  with  a  Micrometer  the  Diameter 
of  the  Cornel* s  Heady  being  ^'  /'.  Aug.  16.  with  the  fame  Micrometer  I 
found  it  only  6'  5'',  fo  that  it  had  notably  increafed  in  the  Space  of  17  Days. 
It  might  be  faid  the  Reafon  is,  becaufe  in  the  laft  Obfervation  it  was  much 
nearer  the  Earth.  But  therefore  it  ought  to  ftiew  its  Head  much  clearer  and 
brighter,  efpeciaily  if  it  were  a  permanent  Body,  as  fome  afleit,  which  finifli- 
ing  its  Coune  in  a  certain  Time  comes  again  into  our  View.  But  on  the  con-  , 
trary  its  Head  is  much  more  dull  and  rare  at  laft,  fo  that  we  might  very  dif- 
tindtly  perceive  the  Matter  of  its  Head  to  be  gradually  diflolved.  And  this 
agrees  much  better  with  our  Hypothefis. 

Sept.  4.  in  the  Morning  the  Comet  feem'd  to  be  in  a  right  Line  with  the  Star 
in  the  Weftern  Front  of  the  Inhale j  and  the  bright  Star  of  Aries.  Alfo  with 
that  in  the  Mouth  and  Jaw  of  the  iVhale.  Befides  it  made  almoft  an  Equila- 
teral Triangle  with  that  in  the  Mouth  and  at  the  Cheek  of  the  fVhale.  Laftly^ 
it  fell  out  as  I  could  wiih,  that  to  the  South  at  3^  40'  in  the  Morning  nearly, 
with  a  moft  exaft  Quadrant  I  obtained  its  Meridian  Altitude,  which  waS  ' 
58^   15'. 


'     ^»    I.  .         Mm  m  Day 
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From  hence  it  may  very  clearly  be  feen,  that  this  Comet  moved  conftantly 

againft  the  Order  of  the  Signs ;  fo  that  in  the  EcUptick  it  went  6^''  s^^  but  in 

its  own  Orbit  74''  35^,  under  an  Angle  of  its  Orbit  and  the  Ecliptic  of  almoft 

.39*,  but  of  its  Orbit  with  the  Equator  of  56"^.    Its  Latitude  at  firft  was  29*^ 

15'  North,  and  at  laft  11**  20'  South.  So  thai  it  varied  its  Latitude  almoft  41  ^» 

This  I  fhail  take  notice  of  as  to  its  Head,  that  at  firft  its  Diameter  was  much 
lefs  than  afterwards ;  but  on  the  contrary,  that  at  firft  it  was  for  brighter  than 
towards  the  End.  But  it  exhibited  no  diftjn£t  and  fulgent  Nuclei,  as  I  have 
iecn  in  moft,  but  a  confufed  Mais  of  Matter,  much  thinner  towards  the  End* 
This  Cornet^  fince  it  was  feen  moftly  without  a  Tail,  may  truly  be  reckoned 
among  Hairy  Stars,  or  thofe  that  Kave  Beards  like  Goats ;  for  it  extended  up-' 
wards  its  very  fhort  and  dilute  Briftles  only  to  Jug.  18.  which  ;&erward$  quite 
difappear*d.  • 

CIX.  A  new  Comet  was  lately  feen  in  the  Heavens,  by  the  fharpEyc  of-^^*  a«. 
Ab.  Blancbini,  the  Difciple  oiGeminiani  Montanarius.    The  Comet  was  indixdi^^cllS^^ 
but  fmall  but  appeared  regular  in  its  Orbit,  of  a  thin  Light,  and  as  an  obrcure«*'^9  ^9s«- 
Star.    But  it  was  more  luminous  through  the  Telcfcope. 

June  30.  New  Style.  -^».  1 684.  the  Comet  was  firft  feen  by  mc  in  9  Degrees 
of  Ldbray  with  fome  Minutes  -,  the  Latitude  of  the  fame  was  8  Degrees  North,  , 
with  fome  Minutes. 
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The  four  laft  Obfervations  require  fome  better  Calculation,  for  perhaps  an 
ror  of  fome  Minutes  may  have  crept  in.  The  Obfervation  of  Che  firft  of 
y  is  very  exaft,  for  the  Comet  appeared  in  the  Telefcope  ^ong  with  that  Sw 
Virgo  which  by  Bayer  is  markM  fl,  and  fell  under  the  Girdle  of  the  firft 
rthern  Part.  The  fureft  Obfervation  of  ail  is  that  of  the  fixth  Day;  when 
aurus  was  feen  through  the  Tube  together  widi  the  Comet.    Alfo  on  the.  14 

Mram2  thff 
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the  Comet  and  the  Star  %  in  Bootes^  Hunting  Pole,  under  his  Shoulder^  were 

feen  at  one  View.  * 

jiComit.  An.       CX»  Sept  S.Ji.v.  A  1686.  4*"  mane^  about  Day-break,  M.    Kirk  found 

fick^'^M*^'    this  G?w^/ in  the  Conftellation  of  Leo^   to  the  Right-hand   of  the  Ludda  in. 

Kirk.      *       Lumbis  ^  (as  it  is  conceived,  for  the  LatinCopv  is  defeftive  in  this  place)  and 

"•  **^-^*^^-  refembiing  that  Star  in  Colour  and  Magnitude,  with  a  thin  and  fhort  Tail 

extended  upright.     Over  the  Comet  in  the  fame  Vertical  was  the  Star  of  9  il  of 

*  Bayer  J  or  2 1  ^ychoni^  diftant  therefrom,  by  the  Micrometer,  exaftly  a  Degree  ; 

and  a  i.ine  drawn  from  the  Lucida  in  Lumbis  SI  to  the  Cornet^  paffed  much  a- 

bout  half  a  degree  to  the  Right-hand  of  the  9  Leonis.     The  Diftance  of  the 

Comet  from  Regulus  taken  by  a  Radius  was  about  if.    The  next  Morning 

Sept.  9.  at  3^  58'*  the  Diftance  thereof  from  fl  ft  was  found  by  the  Micrometer 

2*".  23'-^,  and  at  4^  40^   again  2**  'i^\.    To  verify  the  Times,  the  Altitude  of 

the  Lucida  in  Lumbis  Si  was  obferved  1 1"*  10',  at  4*  8'  mane.     A  Right  Line 

drawn  by  the  Cometh  and  the  faid  S  JLeonis  towards  ^  Leonis^  or  the  Lucida  Colli^ 

left  that  Star  a  little  to  the  Right-Hand. 

This  Comet  was  feen  by  a  Countryman,  who  firft  gave  Notice  thereof,  from. 
the  6tb  to  the  \^th  of  Sept. 

The  Refult  of  .thefe  Obfervations  is,  that  the  Comet  was  diredl  in  Motion, 
.  th^t  it  m*ov*d  about  i\  Degree  p&  Diem^  and  that  it  feemed. rather  to  decreafc 
-in  Latitude.     On  the  ytb  oi  Sept.  it  was  about  24'  diftant  from  fi  Leonis^  but 
• .,    '        '.its  bearing  therefrom  is  not  fet  do //n. 

.  .  This.Star,  6  ft,  was  then  in  9°  2'  of  '!P,  with  North  Lat.  9°  41'i.  Whence 
at  the  time  of  the  fitft  Obfervation  it  may  be  concluded,  that  the  Comet  was  ia 
9*  55'  of  f ,    with  North  Lat.  9°  15'.    And  at  the  ^^  Obfervation,  the  Longi- 

•  tude  of  the  Comet  will  be  found  about  1 1*"  20'  of  ^,  with  much  the  fame  North 

•  ..  Latitude  as  before. 

jfCimt.Aii.  CXI.'  Feb.  19.  New  Style,  /in.  1699.  in  the  Royal  Obfervatory  at  Paris^  a 
i69|.  St  Pari*-;  fmall  Comet  began  to  be  feen,  which  was  like  a  nebulous  Star  pf  the  third 
^.^s^,^r  Majgnitudei     It  refembkd  that  which  was  obferved  iti  September  1698. 

*  .      m  Situation  was  among  the  unform'd  Stars  of  the  fixth  Magnitude,  near 

the  Ar£lic  Pokr  Circle,  above  the  Head  of-  Auriga^  ^Imoft  at  an  equal  Dit 

tanCe  between  the  Weftern  Elbow'  of  Perfeus  and  the  Head  of  the  great  Bear, 

.   .  Tycbo  afcribcs  then!  to  the  unform'd  Stars  about  the  lefler  Bear.    As  we  con- 

•  •    tinned  our  Obfervations,  it  feemM  bjr  its  own  Motion  to  direft  its  way  towards  , 

tapella^  wifh  a  fmall  Deviation  fromMts  Circle  of  Declination.     Its  Velocity 
was  fuch,-  that  in  the  Space  of  one  Day  it  defcribed  about  7  Degrees  of  a  great 
•     ^      '   Circle,  by*  which  Motion  in  lefs  than  4  Days  it  might  come  to  the  Pole,  ^^^         \ 
be  joy'nM  to  the  Polar  Star. 

,At  ^^  after.  Midnight  we  compared  the  Comet  with  a  Star  of  the  '6^  Ma^^  i 

•tuide,  which  Tycho  calls  the  fecond  of  thofe  which  are  in  a  right  Line  with  \        *     * 

•  ^    Pole.    In  its  Paffage  through  the  Horary  Circle  it  preceded  this  Star  by  \ 

53'\  by  which  the  Difference  of  right  Afcenfion  will  be  given  4°  43'.     But 

was  ^nore  to  the  North  than  this  Star  by  fi'.  whence  fuppofing  Tycbo's.  Lon  ' 

.  tude  and  Latitude  of  this  Star,  to  this  Time,  the  Comet  is  rcfcrr'd  to  15''  f  1 

of  Girw/w,  with  North  Latitude  37**  2/.     .                                         ^  I 
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This  Ccmet  moves  to  the  oppolite  Parts  of  the  Heavens  in  refpeft  of  thofc  j 

to  which  the  Comet  of  the  foregoing  Year  tended ;  whereas  it  was  almoft  at  ' 

the  fame  Diftance  from  the  Pok^  as  this  Comet  of  ours  when  it  was  firft  fecn ; 
nor  very  diftant  from  the  fame  Place,  | 

But  the  Comet  of  the  Month  of  September  proceeded  in  the  fame  way  as  th?  .  ; 

Comet  of  the  Year  1652.  purfued  among  the  Stars,  as  it  was  obferved  by  us  at 
Bobgna.    On  which  Occafion  we  diftinftly  defcribed  that  way  by  the  fame 
Stars  as  our  Comet  held,  Jn,  1698.  in  Letters  addrefs'd  to  the  Mcrfl  Serene 
fran.  Eft  Duke  of  Modem.    That  Comet  pafs*d  in  the  Month  of  December  from  . 
the  Southern  Parts  of  the  Heaven  through  the  ConftcUations  of  the  Hure^  j 

Orion^  and  the  Bull^  where  it  cut  the  Ecliptic  with  an  Inclination  of  76°,  and 
through  P^r/J«y  and  Caffiopia^  where  it  ccas'd  to  be  feen  in  the  Month  of 
January^  An.  1653.  This  began  to  be  feen  in  the  beginning  of  the.  Month  of  , 
September  J  in  the  fame  Part  of  Caffiopeia  viYitrt  the  other  ceafed  to  be  feen,  and 
thence  proceeding  through  the  Shoulders  .Bnd  the  jlrms  of  Cepbeus^  where  it  •  .-  • 
had  the.  greateft  Latitude  from  the  Ecliptic  of  yG""  it  pafs'd  through  the  Dragon 
and  the  Swan^  through  the  Uon^s  Skin  in  JHerculeSy  through  Ophiucus^  to  the 
Confteli^tion  of  Scorpio^  which  it  kept  in  our  laft  Obfervations  from  the  24  to  .  . 

the  28  of  September.    Noiy  from  thefe  Obfervations  we  collefted,  that  this 
Comet  had  its  Perigee  Sept.  7.  in  the  Evening,  with  the  greateft  apparent  Velo-. 
city  of  nearly  10''  in  the  Space,  of  one  Day. 

CXIL  Papers  ^/ /(?/}  G^^m/ [^  Omitted.  *  "  CygiM».v«i..     ..  .• 

I.  The  Conftellation  of  Cygnus,  with  the  New  Star  in  PiStore  in  it,  by  P;  57*g»^^^^ 
Htveliusi  together  with  the  Names  of  the  Stars  in  that  Conftellation  by  Tycbo  Mr,  u^iCt'' 
md  of  thok  addtdhy  him/elf.  /  i.To.?X^     •    « 

2*  Mr.  Flamfteed  having  pcrufedMr.  Street* s  Difcourfc,  and  confidereil  the  »•  »*^*  p  36«»  . 
Contrivance  of  his  Moon-fVifer^  aflures,  that  for  theMotion  of  Longitude  'tis  the        ..    * 
very  fame,  and  for  the  Motion  of  Latitude  riot  much  better  than  Mr.  Horrox*s. 

But  Mr.  Flamfteed  hath  thought  of  another  Contrivance,  that  will  fhew.  the       '  . 
Moo^s  true  Place  to  a  Minute.  •  ; 

3*  I.  The  more  Notable  Caleftial  Appearances  calculated,  by  ^^- P^ff^^^S^^Su^' .    ' 
fteedy  for  tht  Tear  iSyo,  '  ,  *ted. 

^  2.  The  fame  for  the  Tear  1671.  ...         2.'  iH^iZT  '  • 

3.  The  fame  for  the  i^^^r  1672.    .      .  •    •  «•77.^w97* 

4.  The  fame,  for  the  r^^r  1673.  '      •...  •       /  .     Sislp/s^l     .. 

5.  The  fame  for  the  2>^r  1674.^  '         .     .       •  .     .;  a.  89,^^118^ 
4.  I.  The  EcHpfes  of  the' Satellites  of  JiipiJer  vifible  at  Uraniburg^thtld&lJ,%!^ilSfi^^ 

four  'Months  of  the  Tear  1671.  calculated  by  M.-  Caffini.    \  * .  a-*?;-  h  »»3««    '• 

a.  The  Eclipfes  of  the  Satellites  of  Jupiter  vifible  at  the  Obfervatory  at  Green-^^  '^''^'  ^***:    •  * 
m  '--n  the  three  laft  "Months  of  the  Tear  1683.  calculated  tyMr.  Flam/fe^d. 

The  Satellite  Eclipfes  calcuUtcd  by  Mr.   Flamfteed  fot.xh^  Tear  v6i:^.n.rsj^jf,Ai^ 
Thcfame  for  the  J?^r  1685.     .  •        •       .     i' JI7  t^t?*!^. 

The,  fame  together  with  the  Parallaxes  of  Jupiter^s  Orb  and  his  Gmen^  .       r '  • 
irii    PlaceSy' for  the  Tear  i6i6. 

The  fame  for  the  Tear  1 687.  ./,j;^  ^/,^ 

Tht  Satellites  Eclipfes  calculated  by  Mr.  HaUeyy  for  the  Teari6SiS.     .    11.191;  #.♦35* 
\n  Account  of  the  Mipbemeridesof  xhQQmt^/l.  1665.  caloiilatedc^,*^,^.^  ' 

•     4  •  '.       :.      by 
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».*.p.i7, »«.  byM.  AiOQUt^  and  iiic  Principle  of  his  Hypothefis  difcovered  by  M.  Gj^*. 
a.  3.p-3^-  2.  An  Account  of  the  Epbemerides  of  the  Ci7»a^/  -/f.  1665.  Calculated  by 

M.  Auzout. 

CXIII.  Accounts  of  Books  and  Emendations,  Omitted, 
a.  10*.  ^  40.  .      !•  A  new  Size  of  Globes  2ho\xt  15  Inches  Diameter  redtified  by  R.  Marien 
sdid  Will.  Berry. 

z.  A  Reprefentation  of  the  Heavens  in  two  large  Hemifpheres  of  30  Inches 
Diameter,  Stereographically  projeded  upon  the  Plane  of  the  ASquinox  ^  by 
Mr,  ^r.  Latnb. 

3.  Deux  Machines  propres  a  faire  les  ^uadraas^  avec  tres  grandcfacilite,  par 
le  F.  Ignace  Gafton  Pardies^  S.  J.  a  Paris^  1673.  in  12^ 

4.  Sciotericum  Tekfcopicumy  or  a  new  Contrivance  of  adapting  a  Telefcope  to 
an  Horizontal  THal^  for  Obferving  the  Moment  of  Time  by  Day  or  Nig^t  \ 
by  fVill.  Molineux  R.  S.  S.  Dublin^  1686.  in  ^to, 

a.  *4i.p,  xfp.  ^.  The  Meridian  Line  of  the  Church  of  St  Petronio^  drawn  and  fitted  for 
Aftronomical  Obfervations,  in  the  Tear  1655.  revifed  and  reftored  in  the 
Tear  1695;  by  Jo,  Dom.  Cqffini.  At  Bononia  1695.     Pol. 

m.  f 6.  p.  io»«.       6a  7j?^.  -^(fWiV  Machine  escleftis  Pars  prior,  Organographiam  Jftronemicm 

11.99.  P.617X.  plurimis  Iconibus illuftratam  &  exornatam  cxhibens,  ^c.  G^dani  1673  \xiPoL 

a.  X09.P.  I'lj-..  7-  Animadverficns  on  the  Firft  part  of  the  Machina  ccelejiis  of  Jaa.  Hevdius^ 
togetlier  with  an  ExpUcation  of  fome  Inflruments  made  by  R.  Hook.  P.  of 

fi.ifx.p.243.  Geometry  in  Gre/h.'Goll.  and  R.S.S.  London  1674.  /«  4/^.  Dr.  H^aUif^  Lct- 
,  ter  to.  M.  Hevelius^  concerning  Divijlons  by  Diagonah  there  inferted^but  faultily, 
is  here  Reprinted  more  corredtly. 

^i75.|j.ii6a, .     8.  Joannis  Hevelii  Con{\xYis  Dantifcani  Amms  Climaftericus.  Gedani  1685. 

Fe?/.     Wherein  (among  other  Things)  M.  He^^elius  vindicates  the  Juftnefi  of 

ids  Cckftial  Obfervations  againft  the  Exceptions  by  fome  made  to  the  Jccuracf 

j».p.  ii«4.    of  them.    The  Conirovtrfy  between  Him  and  Dr.  Hooky  about  the  Ufe  of  9r- 

M.  iu.p.H4*  kf^^pi^fi  and  Plain  Sights,^  and  Dr.  Wallis's  Calculation,  for  Dividing  the  Limb 

m.  lys:  p«  ri76.  ^^  Inftruments  by  Diagonals^  are  alfo  here  Abridged. 

*      '  .  9.  Excerpta  ex  Literis  IlL  &  Clariff.  Virorum  ad  Nob.  Ampliff.  &  Cooful- 

«.  I/O.  p.  3<4.*tifl[.  R  7(?.  Hevelium  Conf.  G^anenfem  perfcriptis,  Jiidicia  de  Rebus  Jlfiromm" 
cisy  ejufdemque  Scripds,  exhibentia  j  Studio  ac  Opera  Joa.  Erici  Olboffii  Sc- 
cretarii  G^^/tf;?/ 1683.  in4/^.      •  .  .  *" 

10.  ADefcription  of  tht/ HeSofcop^  and  fome  other  Inftruments^  made  by 
M.iAf.  440*  Z^-  Hooky  R.  S.  S.  Z;(?»rf.  .1675.  in  Ato. 

11.  The  Sphere  of  M.  Maniliui  made  an  Englifb  Poem,  with  Annotations, 
and  2in' 4/ironomicar Appendix  %  by  Ed,  Sherbunty  E%  Lond.  1675,  in  F^/. 

.•.  loi.  p.  233,        12.  Albatenii  Ohkrvadont^  Jjironomic^y  Qu^s  ex  Arabico  iti  Latinum  Tranf- 

W.204. p.^rj.  tnht' Plato Tiburiinus.  Noriberga  15375  &  Bononia  1645.  The  Arabick  opj 
of  thofe  Obfenrations  does  not  appear,  whereby  that  Tranjlation  might  *—  w- 
amined:  But  Mr.  Halley^  by  calculating  Tables  from  the  Principles  there  c  cP" 
ed,  hath  here  difcovered  and  correded  above  30  confiderable  ftf«//j  in  a  few  P,  res. 

ji.43.p-«68-  13.  Htflcria  cceleflis  \  ex  Libris  &  Commentariis  MS.  Ohfervationum  ^  en- 
nalium  Tychcnis  Brahe^  Daniy  Augufla  Vindelic.  Ann.  1666.  m^Fol. 

n.  loz.p.  17.  .  14.  AU  the  Manufcripts  of  the  famous  Kepler ^  (both  publifbed  and  wsputf„j  ^i) 
^  \  wJiich.  are  purchafed,  and  carcfixlly  preferved  by  M.  Hcvelius,  Je- 
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15-  Jeremi^  Hcrrcccii  jlngli  Opera  Pofthuma :  una  cum  Guil  Crabtrai  Ob-*-  «7«?-  Vffl* 
fervationibus  Coeleftibus,  nee  non  Jo,  Flamjleedii  de  Temporis  jEquatione  Diatri- 
ba,  numerifque  Jjumribus  ad  Novum  Luna  Syftema  Horroccii.  Lond,  1672.  in  4/^. 

16.  JJironomia  Reformata.  Audore  Joan.  Bapt,  Riccioti  S.  J.  Stephanode  An-  ».  »*.^.  394- 
giSis^  conceiving  the  Arguments  of  this  Author ^  againft  the  Motion  of  the».36.^693. 
Zarth^  to  be  none  of  the  ftrongcft,  taketh  Occafiori  to  let  the  world  fee  that 

they  are  not  more  efteem'd  in  Italy^  than  in  other  places  :  Manfredi^  in  behalf 
of  Ricciotiy  endeavours  to  anfwer  the  Objedlions  of  Angelij  and  this  latter  replies 
to  Manfredi's  Anfwer.  The  Subftance  of  which  Controverjy  is  here  given  by 
Mr.  Ja.  Gregory ;  with  fome  Remarks  and  Explications  of  his  own  upon  it. 

17.  An  Attempt  to  prove  the  Motion  of  the  Earth  from  Obfervations,  made*  '®'•^  "*• 
by  12.  Hook^  RR,S.Lond.  1674.  in  4^0.  The  Method  of  this  Undertaking  is»•'^^^9<»• 
approved  and  commended  by  M.  Chr.  Huygens^  and  M.  CaJftnL 

18.  Nicolai  Mercatoris  Holfati,  e  Soc.  Regia,  Inftitutionum  AJir^nomicarum'^  ^^^'^'^'^' 
Libriduo.  Lond.  1676.  in  O£lavo. 

19.  Annales  Coeli  &  Temporum  perpetui,  five  Myfteria  AJironomo-Cbrono-n.  104.^^7^ 
hgica  a  Seculo  abfcondita  nunc  per  Dei  Gratiam  detefta  &  evidenter  affer-    . 

ta,  Libris  tribus.     Kiloni.  This  Book  is  Preparing  by  Dr.  IFafmuth: 

20*  A  Catalogue  oi  Fixed  Stars  with  their  Longitudes,  Latitudes,  and  Mag-««l.f.«45t 
ninides,  accordnig  to  the  Oifervatiou  of  Uleg  Beig.  Oxford  1666. 

21.  Catalogus  StelUtrum  Aujlralfum^  five  Supplementum  Catalog!  ^ychonici '^n.1^1.  f.t6p^ 
exhibens  Longitudines  &  Latitudines  Stellarum  Fixarumy  quae  prope  Polum  An- 
tarilicum  fitae,  in  Horizonte  Uraniburgico^  Tjvi&^^/rrinconfpicuae  fuere.     Authore 

Edm.  Halleioj  e  Col.  Reg,  Oxon.  in  ^.to. 

22.  Congietture  Phyfico  AJironomiche  della  Naturadell7»wr/2^  j  da  Pietro  M. «.«/./» aoi». 
Cavinaj  in  Faenza  1669.  in  4/(7. 

23.  Profe  de  Signori  Academici  di  Bolojina^  in  Bologna  1672.  in  4/^.  S.  jWJ?»-».  s^.^.j!*/, 
tamri^s  Difcourfe  concerning  the'  admirable  Changes  and  other  Novelties  ob- 

ferved  in  the  Heavens. 

24.  I/maelis  Bullialdi  ad  AftronomosMonitaduo.  Primum  de  Stella novay'qux^'  ^\'P*  5»'- 
In  Collo  Ceti  ante  An.  ^iquot  vifa  eft.  Alterum.  dc  Nebulo/a  in  Andromede  Cin- 

ptli  parte  Borea,  ante  Biennium  iterum  orta.  Approved  by  M.  HeveliUs.  ^  nl%f.  p^fio. ' 
^  25.  Three  Letter's  of  Jo.  Dominicus  Cajfmus^  concerning  his  Hypothejis  of»•«4•^5«oi. 
the  Sm^s  Motion^  and  his  Doftrine  of  Refractions.   At  Bononia^  in  ^to. 

26,  Refraftio  Solis  Inoccidui^  in  Septentrionalibus  Oris  circa  Solftitium».»33-f'73'» 
^ftivum,  An.  1695.  aliquot  Obfervationibus  AJironomicis  detefta.     Holmia^  in 

4/^.     Tranjlated  into  Englijh.   Lond.  in  ivo.  .  •  •     .      "  • 

27.  Tabularum  AJlronomicarum  Paris  prior;  de  Motibus  Solis  &  Lun^  necnon»•I9"•^4♦3•  . 
de  Pofitione  Pixarum,  ex  ipfis  Obfervationibus  deduftis  :    Authore  Fh.de  la 

H'—    Paris  i6iy.  1114/0.  Some  Animadverftons  on  it  are  here  infer  ted. 

I.  The  Royal  Almanack  for  the  Tear  1675  :  by  iV.  Stevenfon.  in  I2*.        »•  'o^•^  i9». 

■  ■       For  the  Tear  1 676.  n.  lao.  ^  490b 

■   For  the  Tear  1677.  ».  no.  p.  774, 

Ephemeris,  ad  ^»»wf»  1686,  exaftiffime  fupputata.  Lond.  in  %vo.  '•.l79•^  3f 

-  -  The  Celejiial  PForld  difcovered^  or  Conje6hires  concerning  the  Inhabitants,  m.  iftf.  ^  s3f» 
P]  nts,  and  Produdions,  of  the  Worlds  in  the  Plants.    Written  in  iJttin  by 
l^  ^^  Htffgens.  in Svo.  3 '•Rag- 
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»*l.^l.».4S*  31.  Ragguaglio  de  Nuove  Obfervationi  da  5.  Giofeppe  Campani.  This  Book 
p>  69?*  "*  ^*  was  anfwer'd  by  M.  Auzout^  who  gives  his  Opinion  of  Campani*^  Glaffes,  and 
his  new  Obfervations  of  Saturn  and  Jupiter  made  with  them  :  to  this  S.  Campam 
ft.f.74.  publilhes  a  Reply,  and  M.  Auzout  his  Animadver/tons  thereon. 
«.  3^^688.  32.  I.  Ephemerides  Mediceorum  Siderum,  ex  Hypothefibus  &  Tabulis  7^. 
0.44.^.  S91.    Dom,  Caffini^  Bononi^  1668.  in  Fot.    The  hke  Tables  have  been  formerly  pub- 

lifli'd  by  the  Learned  J.  Bnpt.  Hodierna  at  Rome,  about  1656. 
11.114. p.  as5.       2.  The  Table  of  the  Eclipfes  of  the  Firft  Satellite  oi  Jupiter  by  M.  C^^w, 
publifti'd  2it  Paris  in  the  Recueil  d' Obfervations  faites  en  plujieurs  Voyages  pour 
parfeSlioner  /' Aftronomie  fcf  ia  Geographie,  being  not  printed  with  the  ufualCarc 
of  the  Imprimerie  Royale,  Mr.  Halley  here  amends  fome  of  the  Errata, 
fl.l4•^H*•        33.  Marti s,    circa  Axcm  proprium  revolubilis,  Obfervationes  Bononue  a 
."•3^''*^^^*   Joa.  Dominico  CaJ/ino  habits^  1660.     Here  M.  Qffini  judges   it  evident,   that 
the  Period  of  this  Planet* s  Revolution  is  not  performed  in  the  fpaceof  12*  20', 
but  in  about  24''  40' ;  and  that  thofc,  who  affirm  the  former,  muft  have  been 
deceived  by  not  well  diftinguifhing  the  two  Faces. 
■.134. ^Sf 3.       34.  Mercurius  in  Sole  vims;  zjo.  Uevelio,  Ged.  1662. 
11.6.^104.  35.  Prodromus   Cometicus\  by  Hevelius. 

u.  17. f.  jox.        36.  Joannis  Hevelii Ddcriptio  Cometh,  /in.IErx  Chrijiiana  i655.exorti :  una 
•  cum  Mantifla  Prodromi  Cometici,   obfervationes  omnes  Prions  Comet  a  1654, 
ex  iifque  genuinum  Motum  accurate  dedu6bum,  cum  Notis  &  Animadverfioni- 
bus,  exhibens. 
ll.4o.^«©^         37.  Jo.  //cW/V  Cometagraphia:  Dantzick,  in  FoL 

,.3^.^.691.         38.  StaniJlaiAe  Lubienietz  Theatrum  Cometicum.     Amftelod.     1668.  mFcI. 
«•  IV  P-  '«69-       39'  '^^^  Movimento  della  Cometa,  apparfail  mefe  di  Decembri  1 664.  da  Pieiro 

Maria  Mutoli,  in  Pifa,  in  ^te. 
»f 3.^.1071.       40.  Era/mi  Bartholini  de   Cometis,   An.  1664.  tf.   1665.   Opufculum  1  tX 

Obfervationibus  Hafnia,  habitis  adornatum.  *  Hafma,  in  ^to. 
n.  139. ^  98©-       41.  7<?i».  Wallifti,  De  Cometarum  Diftantiis  inveftigandis.  i>«i.  1678. 
.  n.^%6.    ■     42.  Leftures  and Colleftions  made  by  R.  Hook,  Sec.  of  the  R.  S.,Lond.  1678 
■    1114.(0. 
fb.M.n.4.      .  43.  Obfervat.  oftheComel  of  1680 and  1681.  made  atthe  C<?/.  oi Clermont \ 
f.  io6.  Sy  jP.  7.  de  Fontenay  e  S.  J.   Prof r J.   of  Mathematicks,  Paris  1681. 

i».  ?.  "4.         44-  A  Treatife  concerning  the  late  C?i»(?/,  publifhed  at  Turin,  i68r.     by 
.   Donato  Roffetti,  $.  T.  D.  Canonof  Leghorn,  and  sr«/^  in  Matbematicks  to  the 
D«.^^  ^  Savoy. 
» .^  n6.     ^    45.  An  Explication  of  the  Comet  which  appeared  at  the  End  of  1680,  and 
in  the  Beginning  of  1681,  upon  the  Obfervations  of  D.  Antbelme,    Car^ 
tbujian.  oi  Dijon.     At  D//^»,  1681.  in  onefingle  Sheet. 
Fb.  C$1.  n.  7.        46.  A  fmall  Difcourfe  about  Comets  publiflied  in  the  High  Dutch  at  i'  6 

p.  196.  ^i  68 1  ;  by  a  Lover  of  Aftronomy. 

n.  f.  199.     .    47-  A  new  Introduftion,   fhewing  how  the  Motions  of  the  Comets  .*.^j      i 
.    reduced  to  fome  certain  and  Geometrical  Rules,  that  their  Appearance  ma"     : 
•  ■  predidled:  iii  High  Dutch  \  by  J  a,  Bernoufyy  at  BaziL  An.  1681. 
n.  149.^.^72*       48.    Joannis  Jacobi  Zimmermanni  Cometo-fcopia.     Or,  three  Agronomical  ' 

lat ions  concerning  the  Comets  th^x  have  Been  feen  in  the  Tears  1680,   16     » 
i6i2.  Stutgardy   1682.  in  4/^?-  CHA     . 
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CHAP     V. 


Mechanicks.     Acou  sticks. 


F  an  Agent  as  A  produces  an  EfFeft  as  E ;  an  Agent  asr^r  GenerM 


2  A,  will  produce  the  Effeft  d  E,  3  A  as  3  E,  flf  c.  all  other  ^'  Vo^" 
things  being  like.   Arid  univcrlaily,  m  A  will  produce  the^  ** 


Efied  tn  £)   whatever  ratio  m  be  the  Exponent  of. 
.    2.  Therefore  if  a  Force  a&  Y  move  the  Weight  P,  the 
Force  mV  will  nwve  m  P»    other  thin»  alike :   Suppofc 
the  lame  Space  in  the  fame  Time,  that  is,  with  the  fame  Velocity. 

J.  Alfo  if  in  the  Time  T  it  move  it  the  Length  L  v  in  the  Time^iT  it  will 
move  it  the  Length  n  L. 

4.  Therefore  if  the  Force  V^  in  the  Time  T,  move  the  Weight  P,  the 
Length  L ;  the  Force  w  V,  in  the  Time  n  T ;  will  move  the  Wei^  m  P,  the 
Length  n  L.  And  therefore  as  VT,  (the  Produdt  of  the  Forces  and  Time,) 
to  PL,  (the  Produa  of  the  Weight  and  Length,)  fo  is  wnVTg  to  i»»Pl. 

5*  Becaufe  the  Degrees  of  Velocity  are  ^proportional  to  the  Lengths  per* 
fbraiM  in  the  fame  1  ime ;  or,  (which  comes  to  the  fame,)  are  reciprocally 
pcoportional  to  the  Times  fpent  m  performing  the  fande  Length  i  it  will  be 

;p:  C : :  T^ .  f[  C.   That  is,  the  Degrees  of  Velocity  are  in  a  ratio  compound- 
ed of  the  Direft  Ratio  of  the  Lengths,  and  a  Reciprocal  Ratio  of  the  Times. 

6.  Therefore  becaufe  VT  .  PL  : :  mnVT  .  w»PL  ;  it  will  be  V.  ^  : : 

^y   «i»PL     xhatis,  V-PCL;«fV  :wPC=«PxC=Px«iC; 
w  X 

7.  That  is,  if  the  Force  V  is  able  to  move  the  Weight  P  with  the  Velocity 

C;  the  Force  »V  will  move  either  the  fame  Weight  P  wkh  the  Veflocity 

»C;  or  with  the  fame  Velocity  will  move  the  Weight /»P;  orlaftly,  any 

Weight  with  fuch  Velocity,  that  the  Pfoduft  of  the  Weight  and  Velocity 
in?trK^#^PQ 

_  d  on  this  depends  the  Reafon  of  the  C^onftruflion  of  aU  Machintes  for 
fac  litating  Motions :  So  that  in  whatever  ratio  the  Weight  is  incrcafcd,  the 
Ve  xrity  mult  be  diminilh*d  in  the  fame.  So  that  the  Produft  of  the  Vddcitf 
enc    Weight,  that  is  to  be  moved  with  the  fame  Force,  may  always  he  th^ 

fia  e.    Thatis,  V:PC;:V:wPxiC=PC. 
'     L.  L  N  n  n  ^  0.  If 
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p.  If  the  Weight  P,  moving  with  the  Velocity  C,  by  means  of  the  Force 
V,  ftrikes  diredly  againft  the  Weight  wP,  which  is  at  reft,  and  is  no  way$ 

hindred  ;  each  will  be  carryM  by  the  Velocity  :-l-^C.  Fprbecaufe  of  the  lame 

Force,  which  is  applVd  to  the  moving  of  a  greater  Body ;  the  Velocity  of  the 
increased  Body  muft  oe  diminiflicd  in  the  fame  ratio.     That  is,  V :  P  C  : :  V  : 

ii^  Px_L.C=PC.    Therefore  the  Skock  of  one,  (by  which  is  meant  the 
i  i+m 

Produft  of  die  Weight  and  Velocity,)  will  become  -i—  P  C,  and  of  the  other 

ID.  If  againft  the  Body  P,  moving  with  the  Velocity  C,  (by  means  of  the 
Force  V,)  another  Body  follows  it  the  fame  way  with  greater  Velocity,  and 
ftrikes  direftly  againft  it ;  fuppofe  the  Body  m  P,  with  the  Velocity  nC  ;  (and 
therefore  moved  by  the  Force  «» V  •,)  both  will  be  carry*d  with  the  Velocity 

i±^C.  For  itis  V:  PC  ::  mnY  :  mnFC  :  :  V+mnYXl±!Lly):l±^ 
i+m  II 

PC=:i±!!  Pxii^C    Therefore  the  Shock  of  the  preceding  wiU  be  !±!!Ii! 

P  C,  and  that  of  the  fubfequcnt  wiU  be  1±^  »  P  C. 

II.  If  Bodies  moving  contrary  ways  meet  and  ftrike  each  other  dircftly, 
fuppofe  the  Body  P  moves  to  the  right  Hand  with  the  Velocity  C  by  means 
of  the  Force  V  ;  and  the  Body  w-P  moves  to  the  left  Hand  with  the  Velocity 
»C,  and  diereforc  by  the  Force  w»V  ;  the  Velocity,  Shock,  and  Direftion 
of  each  may  be  determined.    The  Body  that  moves  to  the  right  Hand  would 

communicate  to  the  other,  if  it  were  at  reft,   the  Velocity  — L-C,  and  therc- 

i+w 

fore  the  Impetus  — L.  f^iFC  to  the  right  Hand,  and  would  retain  to  itfelf  this 

fame  Velocity,  and  confequently  the  Impetus  -i_i»PC  to  the  right  Hand,by 

i+w 

SeA.  9.    And  the  Body  moving  to  the  left  Hand  (by  a  like  reafoning)  would 
communicate  to  the  other,  if  at  reft,  the  Velocity  — - — C,  and  therefore  the 

Impetus—; — PC  to  the  left;  and  would  retam  to  itfelf  this  fame  Velocity^ 

and  therefore  the  Impetus  JULmVC  to  the  left.    Now  fince  the  Motion  \% 

on  each  fide,  the  Impetiis  of  the  Body  that  before  moved  to  the  right  Hand 

will  now  be  the  Aggregate  of —i— PC  to  the  right  Hand,  and  .^^^  P  C  to 

the  left  Hand ;  and  therefore  will  really  be  to  the  right  Hand  or  kft»  accord- 
»  ing 


ing  as  this  or  that  b  the  Uggeft,  with  that  Impetus  'which  is  the  Dilterence  of 
the  two.    Tiiat  is,  (malcing  the  Sign  -^  to  Agnifie  to  the  right  Hand,  and  <— - 

to  the  left  Hand,)  the  topetus  will  be  +7T^PC—  ^X^P C=  ^  ,  ^  PC; 
and  the  Velocity  ill —  C  j  and  therefore  to  the  right  Hand  or  left,  accord- 
ihg  as  I  or  mn  fhall  be  greater.  And  in  like  manner  the  Impetus  of  that  Body 

that  before  moved  to  the  left  Hand  will  be  +rrrz  » PC rzm  P C= — rzr 

i-t"W  i-^tn  i+w 

«PC,  and  its  Velocity  IZ^C  5  and  therefore  to  the  right  Hand  or  left, 

according  as  i  or  mn  is  the  greater. 

.  1 2.  But  if  tlie  Bodies  do  not  move  dire6tiy  the  fame  way,  nor  direftly  con- 
trary ways,  but  ftrike  one  another  obliquely ;  the  foregoing  Calculation  is  to 
be  accommodated  to  the  Degree  of  Obliquity.  Now  the  mipetus  of  a  Body 
ftriking  obliquely,  is  to  the  Impetus  that  would  be  produced  if  they  flryck 
^e£Uy,  other  things  being  aiikey  in  the  ratio  ot  Radius  to  the  Secant 
of  the  Angle  of  Obliquity.  Which  is  alfo  to  be  underftood,  when  the 
die  Body  falls  not  perpendicularly  biit  obliquely  on  the  Surface  of  the  Body 
tliat  is  ftruck,  as  well  as  when  the  Ways  ot  their  Motion  crofs  one  another 
obliquely.  This  Confideration  rightly  apply'd  to  the  foregoing  Calculation* 
will  determine  what  will  be  the  Velocity,  Impetus,  and  Diredtion.  of  Bodies 
that  impinge  thus  obliquely.  That  is,  with  what  Impetus,  with  what  Veloci- 
ty, and  towards  what  Parts  thofe  Bodies  will  refledt  from  each  other,  which 
impinge  in  this  manner.  The  Reafon  is  the  fame  of  the  Gravitation  of  heavy  • 
Bodies  that  defcend  obliqudy,  to  the  Gravitation  of  thofe  which  defcend  per- 
pendicularly.       . 

ig.  If  the  Bodies  fo  impingmg  are  fuppofedto  be  not  abfolutely  hard, 
(which  we  have  conceived  mtherto,)  but  yielding  to  the  Stroke,  yet  h  as  to 
be  able  to  rdftore  themfelves  by  their  Elauic  Force  j  it  may  hence  happen  that 
thofe  Bodies  (hall  rebound  from  one  another  which  otherwife  would  go  toge- 
ther i  (and  indeed  more  or  Icfs,  according  as  this  Power  of  Reftitution  is 
greater  or  lefs ;)  that  is,  if  the  Impetus  proceeding  from  the  Reftitutive  Force 
is  greater  than  the  Progreffive. 

.  In  Motions  that  are  continually  accelerated  or  retarded,  that  is  tobe  efteem- 
ed  the  Impetus  for  every  Moment,  which  belongs  to  the  D^ree  of  Velocity 
then  acquired.  But  when  the  Motion  is  along  a  Curve,  that  is  to  be  reputed 
the  Diredion  in  every  Point  of  the  Motion,  which  is  the  Direftion  of  the 
Tangent  in  that  Place^  And  whenever  the  Motion  is  accelerated  or  retarded, 
and  alfo  along  a  Curve,  as  in  the  Vibrations  ot  a  Pendulum ;  the  Impetus  is 
to  be  estimated  for  every  Point,  both  according  to  the  Degree  of  Accelerati- 
on, and  the  Obliquity  of  the  Tangent  in  that  Place. 

2.  The  Law  of  Nature  in  the  ColHfion  of  Bodies. 

The  proper  and  moft  natural  Velocities  of  -Bodies  are  reciprocally  propor^  ^^.^^; 
tional  to  thofe  Bodies;  •  /  :  p.  lej. 

N  n  n  2      '  There- 
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Tfaercfbce  the:  B^die)  Rs  S,  liaving  it^ir  proptr  Vekx^tii^ai  alia  after  CoUk 
fieft  rctaiathofc  proper  V^lo<;itiea.  '    . 

And  the  Bodies  R,  S,  having  i^aprobcr  Velocities,  by  Impulfeare  reftored 
to  Equilibrium.  That  is,  as  much  asi  R  exceeds,  and  S  H  deficient  fr(Mn  their 
proper  Velocity  before  Impulfe,  fo  much  by  the  ImpuUe  is  taken  from  R,  and 
is  added  to  S  :  And  eontrarywifo. 

Wherefore  the  CplUfiQn  of  Bodies  having  their  proper  Velocities  is  equiva-. 
knt  to  a  Balance  ofcillating  upoi)  two  Centers,  which  on  each  fide  are  equaHy 
diftant  from  the  Center  of  Gravity.  Now  thi9  Beam  of  tji^  BaJwiee  is  prodqc^ 
ed  as  there  is  occafion. 

Therefore  there  are  three  Cafes  of  eqiwd  l^Q^s  movifjg  imprpp^lf .    Sut 
of  unequal  Bodies  moving  improperly,  (whether  contrary  ways  or  the  fame 
way)  there  are  in  alLten  Cafes,,  five  of  which  arife  by  Converiioii, 
j%.  in.  K,  S,  are  eqgal  Bodies,  or  R  is  the  greater  Body,  and  S  the  leffer.  «  is  die 

Center  of  Gravity,  or  the  Handle  of  the  Balance  j  Z  is  the  Sum  of  the  Velo* 
cities  of  both  Bodies. 


gtytn  before? 
ImpuUe.    5 


5ROVdoc.    "IRC  given  before)     rS(??Veloc.     CS 
IS  ^JofBodyjS  7   ImpuMc.     f  ^^  J^^^^'^^^y  cR 
5^R?VeIoc.    •iRjrequifed  af-r^^l^S  7VcIoc.     fS  ?remiiriBd after ^ 
loS  JofBodyiS  IterltnpulfcO    C^Riof Body ^^Ri     Impulfe.    5 

The  Rulf.    R^  S/r,  make  ^R,  o&.t  R^,  S^  make  ^S,  ^R. 

[Read  the  Syllables  ^tho'  disioyn'd)  R^  S ^,  ^R,  «  S  j  or  R*,  S ^,  ^S^  # R, 
in  the  Une  of  every  Cifc  5  and  of  thefe  that  which  is  written  m  tin  Scheme  in 
the  Hebrew  manner,  fhews  a  Motion  contrary  to  the  Motion  which  the  LaHm 
^ay  of  writing  of  each  Syllabk  denotes.  A  Syllable  conjoyn*d  ^p^tSr  die 
Reft  of  the  Body. 

^,    ,  R+S:S  ::Z:R4|    R^— 2R435<?R  I    So^tSaauS. 

^^^•R+S:R::Z:  S«|  2S«+   S^=(?5|2Rtf+  R^=^R. 

Nature  obferves  the  Rules  of  Specious  Addition  and  Subdradion. 
«;yAf.  HBygcm.     3.  The  Rulcs  conccming  the  Motion  of  Bodies,  after  their  mutual  Impulfe. 
A^tL^M^.      I  •  If  a  hard  Body  ftrikes  another  equal  hard  Body  at  reft,  after  the  Ccmtaft 

that  will  be  at  reft,  and  the  Body  at  reft  will  acquire  the  fMie  Velocity  as  was 

in  the  ftriking  Body. 

2.  But  if  the  other  equal  Body  move  alfo,  and  in  the  fame  right  line,  after 
Contad  they  will  both  continue  to  more,  but  with  Velocities  mutually  inter- 
changed. 

3.  A  Body  ever  fo  great  will  be  moved  by  a  Body  ever  fo  little,  Aat  ftrikes 
againft  it  with  any  Velocity. 

4.  The  General  Rule  for  determining  the  Modon  which  hard  Bodies  ac* 
quire  by  their  direft  meeting  is  this  following. 

^,  ,j,.  Let  the  Bodies  be  A  and  B,  of  which  A  is  moved  with  the  Vclecky  AD; 

and  let  B  meet  it,  or  let  it  move  the  iame  way  with  the  Velocity  BD>  or 
lafijy  kt  it  be  at  reft,  that  is,  in  this  cafe  let  the  point  D  fall  in  K  Let  the 
Line  AB  be  divided  in  C,  (which  is  the  Center  of  Gravi^  of  the  Bodies  A>B^^ 

2  and 
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mi  kit  OE  be  uktn  equal  to  CD.  I  %,  £  A  wiU  be  the  Vdoatr^^  th<i 
Body  A  after  mcctinfc  and  E  B  of  the  Body  B,  and  eadi  will  proceed  in  that 
v^  as  is  ihewn  by  the  order  of  the  Points  E  A,  EB,  Now  if  the  Point  E 
&IU  in  A  or  B,  the  Bodies  A  or  B  will  be  reduced  to  reft. 

5.  The  Quantity  of  Motion  of  two  Bodies  may  be  increafed  or  diminilhed 
by.  Conflid :  But  there  always  remains  the  fame  Quantity  the  fame  way,  taking 
fiom  thence  the  Quantity  or  contrary  Motion. 

6.  The  Sum  of  the  Produfts  made  by  the  Bulk  of  every  hard  Body  drawn 
ioto  the  Square  of  its  Velocity,  is  the  fame  both  before  and  after  the  Conflid.  . 

y.  A  hard  Body  at  reft  receives  more  Motion  from  another  hard  Body, 
whether  greater  or  lefs,  by  the  Interpofition  of  fome  third  Body  which  is  of  an 
iatermedwte  Quantity,  than  if  it  had  been  ftruck  by  it  immeaiately.  And  if 
that  intcrpofcd  Body  |houkl  be  a  mean  Proportional  between  the  two  others^ 
it  will  ^&  the  moft  forcibly  of  all  againft  the  Body  at  reft. 

In  all  thefe  ConcKifions  the  Author  fappoks  the  Bodies  to  be  of  the  fame 
Matter,  as  he  acknowledges  himfelf  ^  or  he  intends,  that  their  Bulk  may  be 
eftimated  by  their  Weijght. 

But  he  adds,  that  he  has  obferved  a  certain  wonderful  Law  of  Nature, 
whkh  he  affirms  that  he  can  demonftrate  in  Spherical  Bodies,  and  which  feems 
to  him  to  be  general  in  all  other  Bodies  whether  hard  or  foft,  or  whether  they 
ftrike  dircdlly  or  obliquely ;  that  is,  that  the  common  Center  of  Gravity  of 
two,  three,  or  any  Number  of  Bodies,  is  always  equally  promoted  the  fame 
way,  ia  the  fame  right  Line,  both  before  and  alter  the  Percuilion. 

4.  Far  fome  Months  laft  pafs*d,  feveral  Members  of  the  Royal  Society^  7XsmeHif^,Hat 
their  publick  Meetings,  had  infifted  very  earneftly,  that  that  important  Sub-  \t^{^f*p^^ 
jeft  olthe  Laws  of  Motion  ftiould  at  laft  undergo  a  ftrift  Examination,  ha-^b^^^-  oiden^ 
ving  formerly  been  propofed  to  the  Society,  but  not  yetdifcufs'das  it  de-**"'*'''^*^'^**' 
ferved  to  be.    It  then  feem'd  proper  to  that  Illuftrious  Society  to  dcterminci 
that  which  ever  of  their  Members  feem'd  fitteft  for  this  Inquiry,  into  the  Na- 
ture of  Motion,  fhould  be  defired  to  produce  their  Thoughts  and  Difcoveries 
about  it,  and  likewife  to  colled  what  had  been  done  in  this  matter  by  other  ex^ 
cellent  Men,  as  Galilausj    Des  Carles^  Hmaratus  Faber^    Joachimux  Jmgius^ 
Petisr  BtfreUuSy  and  others.    Chiefly  with  this  View,  that  thus  confulting  and 
comparing  the  Opinions  of  all,  a  Theory  might  thence  be  eftabliifaed  in  the 
Pfailoibphical  World,  which  might  agree  as  much  aspoflible  with  Qbiervatit- 
ons  and  Experiments,  which  ihould  be  often  repeated  with  due  Care  and 
Rdelity* 

This  their  Defire  being  made  known,  feveral  of  the  Members  of  the  fai^ 
Society  comply*d  with  it,  as  Cbrijiian  Httfgens^  John  WaUis^  and  Cbrifiopher 
Wren ;  who  undertook  to  compleat  as  foon  as  might  be  thofe  Hypothefes  and 
Rules  of  Motion,  in  digefting  of  which  they  had  been  employed  for  ibme 
time.  Hence  it  was  that  thole  three  great  Mathematicians,  in  the  Space  of  a 
few  Weeks,  comunicated  their  Theories  neatly  abridged,  and  as  it  were  by 
ftrife,  defiring  the  Sentiments  of  the  RoyaT Society  upon  the  fame.  Firft  of  all 
Dr.  ^^/fV  tranfmittf  d  his  Principles  concerning  the  Eftimation  of  Motion,^  by 
a  LiCtter  dated  iVw.  i^5»  i68;g>  which  was  deliver'd^  and*  read  the  26  of  th^  , 
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fame  Month.  He  was  foon  fucceeded  by  Sir  Chrifiopber  ff^ren^  who  on  Ac 
17th  of  the  Month  following  exhibited  to  the  Society  the  Laws  of  Nature  coiw 
ccming  the  Collifion  of  Bodies.  Thefe  the  Society  ordered  to  be  printed,  hav- 
ing firft  obtained  the  Confent  of  the  Authors,  for  the  more  commodious  Com« 
munication  and  ampler  Difcuflion  of  this  Subje<9:. 

-  Whilft  thefe  Things  were  doing  with  us,  on  the  4*^  of  January  following, 
Englijflb  Stile,  the  Poft  brought  us  Letters  from  Mr.  Huygens^  written  on  the 
5***  day  of  the  fame  Month,  but  New  Stile,  containing  the  four  firft  Rules  con- 
cerning the  Motion  of  Bodies  arifingfrom  mutual  Impulfe,  together  with -their 
Demonftrations.  I  had  at  hand  a  Copy  of  fVren^s  Theory,  whidi  I  fent  the 
fame  Day  to  Mr.  Hw^gens  by  Way  of  Retaliation,  the  Poft  then  favouring.  I 
forbore  to  open  Mr.  Huygens*s  Letters,  fufpefting  fomething  of  this  Nature  to 
be  included  in  them  becaufe  of  their  Bulk,  and  becaufe  of  his  Promife,  till  I 
had  an  Opportunity  of  laying  them  before  the  moft  noble  and  worthy  Prefr 
dent  of  the  Royal  Society,  the  Lord  Vifcount  Brounker.  Which  being  done^ 
and  the  Rules  of  each  being  compared  by  the  faid  Society,  there  prcfently  ap- 

gared  a  wonderful  Agreement  between  them ;  which  produced  in  us  a  great 
efire  of  committing  both  their  Writings  to  the  Prels.  On  Mr.  Httfgens^s 
Side  nothing  was  wanting  but  his  Confent,  without  which  we  did  not  think  it 
fair  to  print  his  Difcoveries,  efpecially  as  he  had  not  given  them  dien  compleat 
However  we  took  care  to  regifter  his  Paper  in  the  publick  Ads  of  the  Royal 
Society,  and  to  return  our  folemn  Thanks  to  the  Author  on  Jan.  11.  for  his 
agreeable  Communication ;  afterwards  adding  (on  Feb.  4.)  our  eameft  Wiftics, 
that  he  would  caufe  his  Theory  to  be  printed  either  at  Paris^  (which  he  might 
cafily  do  in  the  Journal  des  Scavansj  as  it  is  called,)  or  fuffcr  us  to  print  it  here 
at  London  in  the  Philofophical  Tranfaffcions.  Which  Letters  being  fent  to  Mr. 
Hw/gens^  we  foon  afterwards  received  an  Anfwer  from  him,  acknowledging 
the  Receipt  of  Sir  Chriftopher  Wren^s  Paper  on  this  Subject,  but  mentioning  no- 
thing about  the  Publication  of  his  own  Paper,  either  at  Paris  or  Umdm. 

Hence  I  conclude  it  is  very  plain,  that  Mr.  Hu)gens  has  been  wanting  to  him- 
felf,  in  not  haftning  the  Publication;  and  by  his  Delay  has  given  occafion,  that 
Mr.  fTren  having  by  his  Sagacity  dilcovered  both  the  Theories,  juftly  claims 
a  right  to  the  Glory  due  to  this  Difcovery.  Since  it  is  beyond  all  doubt,  that 
neither  of  the  Gentlemen  knew  what  was  done  by  the  other,  before  their  Writ- 
ings appeared  together ;  but  each  by  his  own  Ingenuity  produced  thefe  beauti- 
fuT  Originals. 

Indeed  Mr.  Huygens^  when  he  was  at  London  fome  Years  agOt  folved  thefe 
Cafes  of  Motion  which  were  then  propofed  to  him.  A  fure  Argument  that  he 
had  even  then  found  out  the  Rules,  by  the  Evidence  of  which  he  performed 
this  Matter.  But  he  will  not  affirm,  that  he  difclofed  any  Thing  of  his  Thco- 
ry  at  that  Time  to  any  of  the  Englijh.  Nay,  he  muft  confcfs,  that  thou^  he 
was  folicited  by  fome  of  them  to  make  this  Communication,  yet  he  could  n^ 
ver  be  prevailM  on  to  do  it  till  very  lately. 

II.  Let  all  the  Lines  ah^  b  c^  cdy  de^  &c.  be  all  equal  to  one  another,  and 
i  U  c  ty  dSi  f  4^/5,  &c;  incrcafe  equally  as  the  Numbers  i^  3,  5,  7,  9,&c- 
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•  I*  &7'thaC  any  heavy  Body  feUipg  in  diis  Line  from  afty  Point  of  it,  will^*«*^> 
jtach  the  Bottom  in  the  fame  Space  of  Time,  as  it  would  reach  it  if  it  {hou]dZlii  i^tT* 
fall  from  any  other  Point  of  the  fame.  cioidei  d«mm- 

For  if  you  fuppofe  a-=zab^  hcz=.  c  d^  &c.  and  b—h  i,  and  x=i  any  Num-!^!r*/'c^aiity!^ 
ber  of  either;  then  if  x  ^  is  put  for  af^  then  xxb  tnuft  reprefent/J",  and  there-  '*•  ^^^  ^°?*; 

foit  the  Time  of  Defcent  will  neceffarily  be  -?^or-l.    And  the  fame  obtains^'^  '^"-  '^' ^* 

xxaa     aa 

in-  all  Cafes.    Therefore,'  &c. 

I  fay  moreover  that  this  Curve  is  a  Cycloid,  which  is  eafily  demonftrated 

from  the  Conftruftion,  and  from  what  is  now  Ihewn.     For  this  Curve  abed 

ifz  is  equal  to  the  double  of  the  laft  of  the  right  Lines,    that  is  2  z  «,   and 

#  <D  is  equal  to  the  Semicircumference  of  the  Circle  whofe  Diameter  is  2  » ;  and 
in  general  the  Triangle  Y  b  n  reprefents  the  right  Line.z  cd  5  and  the  Sijuare 
rnx5%  reprefents  the  Curve  ab  cdefx^,  and  the  Quadrant  T « ®  repre- 
fents the  right  Line  a  u ;  and  the  Parts  of  one  the  Parts  of  the  other  refpeftive- 
ly.  As  if  TAtg  reprefents  /*,  then  will  Y  jaSl©  reprefent  a  J^,  and  r ;iini« 
will  reprefent  af.    But  I  have  no  time  to  purfue  this  farther. 

.  Laftly  I  fay,  that  a  Ball  fufpcndcd  by  a  String  of  a  due  Lengthy  and  vibrat- 
ing between  two  Cycloids,  will  move  in  a  Cycloid.  Wherefore  fuch  Vibrati- 
ons will  be  Synchronous.  ^  E.  D. 

III.i^Prob.  To  determine  the  Curve-line  connefting  two  given  Pomts  which  ^  pngim  cm- 
areat  different  Diftances  from  the  Horizon,  and  not  in  the  fame  Vertical  Line,  ^^7^^^ ^ 
upon  which  a  Body  moving  by  its  own  Gravity,  and  beginning  to  move  fromyteXtM*  <«• 
toe  upper  Point,  mall  defcend  to  the  lower  Point  in  the  fhorteft  time.         •    ^"^ifj^^^ 

The  Senfe  of  the  Problem  is  this  -,  of  the  infinite  number  of  Lines  that  may  Bern^i.  tk.%iJi. 
be  drawn  between  thofe  Points,  from  one  to  the  other,  to  make  choice  of  that,  \^^}^ 
according  to  which  if  a  Plate  be  bent  having  the  form  of  a  Tube  or  a  Canal,  fo 
that  a  Ball  being  laid  upon  it,  and  fuffer*d  to  defcend  freely,  it  may  perform  its 
Fai&ge  from  one  Point  to  the  other  in  the  Ihorteft  Time  poflible. 

2.  Yefterdayl  received  copies  of  two  Problems,    propofed  by  that  moftjw^v;  kf 

acute  Mathematician  Mr.  John  Bernoulli^  printed  at  Grmngen^  CaL  Jan.  1697.    - ^ 

Of  the  firft  of  which  this  is  the  Solution. 

From  a  given  Point  A  let  there  be  drawn  an  indefinite  right  Line  APCZfi:^.  >^ 
parallel  to  the  Horizon,  and  upon  the  fame  right  Line  let  there  be  de- 
kribed  any  Cycloid  A  QB,  meeting  a  right  Line  drawn  through  the 
ether  given  Point  B  in  the  Point  Q^  as  alfo  another  Cycloid  ABC,  whofe 
Badt  and  Altitude  may  be  to  the  Bafe  and  Altitude  of  the  former  as  AB  to  AQ^ 
re^dlively.  Then  mis  laft  Cycloid  will  pafs  through  the  Point  B,  and  will 
be  that  Curve-line,  in  which  a  Body  falling  by  the  Force  of  Gravity  will  arrive 
fooneft  fi-om  the  Point  A  to  the  Point  B.    Q.  E.  I. 

3,  Let  AP  be  an  Horizontal  Line,  P  the  Point  from  whence  the  heavy  Bo-  ^^  rrrmin^n 
if  defcends  through  the  Curve-line  required  A  D  E,  C  and  D  t.wo  Points  infir  Hm  j^JfeT 
nicely  near,  through  which  the  Body  will  fall,  C  D  a  right  Line  connefting  the  ? '^J^^*  n^^" 
twoPdnts^DCandjC,  DFandSG,  FSandGC  or^H,    Moments  of  An.  ii9».- ' 
the  Abfcils  of  the  Curve  and  of  the  Ordinate  refpedtivcly.    Take  Dr  =  D /,**•  ***• 
attl/C::;;BC  Becaufa 
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Becaufe  In  the  lilt!#  nftfcent  Lines  the  Time  in  dlrdSJjr  as  thfc  Way  ddcribcd 
and  the  Velocity  Inverfely,  (that  is,  in  thb  Cafe  as  the  Square«root  of  the  Al- 
titude of  the  falling  Body,)  by  Hypothefis  it  will  be  'jj4f&  ,  q  p=  *^  *"^ 

Time.    And  bccaufe  the  Vdocity  in  the  Points  of  the  fame  Altinile  S  and  B 
along  the  Curve  D  j  C  and  the  right  Line  D  B  C  is  the  fame,  the  Time  aloiu; 

BD        B  C 

D  C,  which  evidently  is  the  Icaft,  will  be  as  _— -  +  JiJil       Therefore     kl 

Arf.r,m«  be  «,„.!.  »dd«„_»^-^=^+^  d«.  i* 

But  the  Evanefcent  Triangles  Br^,  B/x,  are  equiangular  to  the  Triangles 
D  jF,  HxC  i  therefore  §^:=?^  and  lL^~.    Let  thefc  two  Ratios  of  E- 

quality  be  compounded,  and  then  ^^ — Cg-t=:  -/f...    And  eic  aquo  zi^ —  i= 
^  ,  DsxHs    sVxst  ^     sFxsi 

v^Ij'  -    Now  becaufe  any  of  the  Elements  may  be  fuppofcd  to  flow  equably, 
lee  us  fuppofe  D  j=j  C,  and  the  moft  iSmpie  Expreflion  of  the  Curve  becomes 

y,r^  =\v"-  every  where.    That  is,  in  the  Point  of  Flexure  the  Curve 
sF  us 

will  always  be  in  a  Ratio  compounded  of  the  Velocity  direftly,  and  of  the  Mo* 

•  ment  of  the  Ordinate  reciprocally.    Let  Xy  y,  and  z  be  the  Fluidons  of  the 

Abfcife,  the  Ordinate,  and  of  the  Curve  refpedively,  then  fj  is  conftant  as  a* 

bove..    Therefore -4=1 ;    but  we.  fuppofed  z  {=^xx+yy)  to  be  conftant. 
Therefore  that  this  may  be  conftant  Unity,  and  may  obtain  its  due  Dimenfi* 

ons,  will  be  ~=r    .    \—:^ ;  and  after  Redu6tiony=5-r==r,  which  is  a  known 

y     's/xx+yy  ^a — 9i 

Expreffion  of  the  Cycloid  P  D  E.     Q^  E.  D. 

H^mmmhtki  IV.  ^TbeorefH.  In  the  Cycloid  AV  D,  whofe  Bafe  A  D  is  parallel  t6  the  Ho* 
^^  *fr  •'  he  ''^^°">  ^"^  Vertex  V  is  downwards  •,  if  from  A  be  any  how  dn^n  the  right 
cJdoidSi.*»  Line  A  B  meeting  the  Cycloid  m  B,  from  whence  let  there  be  drawn  the  ri^ 
^?r«xA*^iw  Line  B  C  perpendicular  to  the  Curve  of  the  Cycloid  in  B,  to  which  frorfi  A  let 
p.424.'Fi"^'  there  be  drawn  the  Perpendicular  A  C.  I  fay  that  the  Time  in  which  a  Body 
^^'  »^?7-        at  reft  falling  from  A  by  the  force  of  its  Gravity  defcribes  the  ridit  Line  A  B» 

is  CO  the  Time  in  which  it  paffes  along  the  Curve  AV  B^  as  the  right  Line 

A  B  to  the  right  Line  A  C. 
r^g:  t6».  Through  B  draw  B  L  parallel  to  the  Axis  of  the  Cycloid  V  E,  and  B  K  pa* 

ralkl  to  the  Bafe  A  D,  meeting  the  Axis  in  G,  and  a  Circle  defcribed  upon  the 

Diameier 
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Diameter  E  V  in  F  and  H,  and  laftly  meeting  the  Cychtd  in  K-    Draw  the 
right  Line  EF,  which  from  the  Nature  of  the  Cycloid  will  be  parallel  to  the 
right  Lme  B  C    Whence  B  M  is  equal  to  E  F,  and  E  M  to  B  F,  which  be- 
caufc  of  the  Cycloid  is  equal  to  the  Arch  V  F.    Therefore  A  M  is  equal  to  the- 
ArchEHVF. 

By  Prop.  25.  Pari  11.  of  Hufgens's  Horologium  OfciSatorium,  the  Time  in 
which  a  Body  falling  from  reft  defcribes  A  V,  is  to  the  Time  of  the  Fall  along 
E  V,  as  the  Semicircumference  is  to  the  Diameter  •,  and  by  the  laft  Propofiti- 
on  of  the  fame,  the  Time  in  which  a  Body  defcribes  VB,  after  having  dc- 
fcribedAV,  (which  is  equal  to  the  Time  in  which  a  Body  defcribes  KV, 
after  having  defcribed  AK,)  is  to  the  Time  of  the  Fall  along  AV,  as  the 
Arch  V  F  is  to  the  Semicircumference  5  and  therefore  to  the  Time  of  the 
Fall  along  EV,  as  FV  to  the  Diameter.  Wherefore  the  Time  in  which' 
a  Body  defcribes  the  Curve  AVB  is  to  the  Time  of  the  Fall  along  EV,  as 
the  Arch  EH  VF  to  the  Diameter  EV.  But  the  Timeof  the  Fall  along  E  V 
is  to  the  Time  of  the  Fall  along  LB,  or  E G,  as E  V  is  to  E  F.  Therefore 
ex  aquo^  the  Time  in  which  a  Body  defcribes  AVB  is  to  the  Time  of  the  Fall 
along  LB,  as  the  Arch  EHVF  to  the  Subtenfc  EF;  that  is,  as  the  right 
Line  AM  to  MB.  Again,  the  Time  of  the  Fall  alongLB  is  to  the  Time  of 
the  Fall  along  AB,  as  LB  to  AB.  Therefore  the  Ratio  of  the  Time  in 
which  the  Body  defcribes  AVB  to  the  Time  in  which  it  defcribes  AB,  is 
compofed  of  the  Ratio  of  AM  to  MB,  and  of  the  Ratio  of  LB  to  B  A ;  and 
diereforeisequaltotheRatioof  AMxLB  toMBxBA.  But  AMxLB 
is  equal  to  MB  x  AC,  bcxraufe  each  is  equal  to  the  double  of  the  Triangle 
ABM.  Therefore  the  Time  in  which  a  Body  falling  fax)m  reft  defcribes  the 
Curve  of  the  Cycbid  AV  B,  is  to  the  Time  in  which  it  defcribes  the  right  Line 
AB»  asMBxACistoMBxBA,  that  isasACtoAB.  ^E.D.  And 
die  Demonftration  procmds  in  the  fame  Manner,  if  the  Point  Bbe  between  A 
andV. 

V.  I.  The  upper  Plate  of  the  ff^atcb  is  AB :   The  Circular  Balance4n>eel ^^  ^^^^ 
,Cl>^  ofwhichthcifriflrisEF:  Tht Spring vam^Spirallfy  GHM,  faftned«2«^;*r 
to  the  Arbor  6f  the  BaJance-Wbeelm  M,  and  to  the  piece  that  is  faft  to  the^.  .f^^^;*, 
Watch-Plate,  in  G,  all  the  Spires  or  Windings  of  the  Spring  being  free  without  J^^\. 
touching  any  thing.    NOPQJs  the  Cock,  in  which  one  of  the  Pivots  of  the   ""     * 
BakmceWbeel  turns ;  R  S,  is  one  of  the  Indented-JVbeels  of  the  IVatcb  having  a 
Balancing  Motion,  which  the  Bdance-Wbeel  gives  to  it.    And  this  Wheel  R  S, 
catches  in  the  Pinion  T,  which  holds  on  the  Arbor  of  the  Balance^  of  which  by 
this  means  the  Morion  is  entertamed  as  much  as  is  neceflary.    Thefe  Watches 
arecxaft  for  the  Pocket,  and  when  made  greater,  will  be  ufcfiil  to  find  the. 
Longitudes  both  bv  Sea  and  Land. 

2.  The  Principle  I  thought  upon  fome  Years  ago  for  making  exa6l  Porta-  jj^  j^,  goa. 
hie  fFaUhes,  is  altogether  different  from  that  of  M.  Huygem:  his  depending  G»ii^^^»^^^^ 
upon  a  phyfical  Oblervation,  but  mine  upon  a  mere  mechanical  Refledtion  •,Apr.An.'i67f. 
which  hatn  not  been  taken  notice  of  for  want  of  the  Art  of  Combination^  the  ufe 
of  which  is  far  more  general  than  that  of  Algebra.    For,  having  confidered 

Vol.  L  O  o  o  with 
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With  my  felF,  that  a  Spring  being  bent  to  the  fame  Degree,  wUl  always  un- 
bend itielf  in  the  fame  Time,  provided  it  find  the  fame  freedom  of  unbending 
it  felf  fuddenly ;  I  inferred  from  thence,  that  there  might  be  imployed  two 
fuch,  one  of  which  fhould  play,  whilft  the  Firfi  Mover  q[  th^  fTaicb  did  bend 
the  other  again. 
F/i-  id4.  Thefe  Thoughts  I  have  executed  m  the-  following  manner :  Let  A  B  be 
one  of  the  Watch-Plates^  C  and  M,  two  indented  Barrels  wherein  the  ibfiaU 
Springs  are  inclofed.  The  Teeth  of  the  Barrels  catch  thofe  of  the  Pinions  4f  44 
which  cariy  the  Balances  e  e ;  and  other  Tetfth  of  the  faid  Barrels  are  catched 
by  thofe  of  the  interrupted  Wheel  F  G.  Now  let  us  imagine,  that  this  Wheel 
FG,  being  moved  towards  H  F,  by  the  force  of  the  Ftrft  Mover  of  the  IVatcb^ 
and  turning  the  Barrel  C,  bends  the  Spring  inclofed  in  it,  and  flops  with  the 
Barrel  as  foon  as  it  hath  bent  this  Spring.  Tins  piece  which  ferves  to  iiop,  is  eafy, 
and  hath  not  been  thought  neceiTary  to  be  marked  here,  to  avoid  embarraffii^ 
the  Figure.  But  whilfl  one  indented  part  of  the  interrupted  Wheel  F  G,  mc 
F,  turns  the  Barrel  C,  the  empty  part,  op^fed  thereunto,  which  is  G,  anfwers 
'  to  the  other  Barrel  M,  and  gives  Liberty  to  the  Springy  it  inclofeth,  to  unbend 
itfelf.  Thus  whilft  the  Movement  of  the  Watch  bends  the  fmall  Spring  of  die 
Barrel  C,  in  the  fame  Time  the  fmall  Spring  of  the  other  Barrel  M,  unbends 
6f  itfelf:  I  fay,  in  the  fame  Time,  except  xht Spring  C,  (hall  have  done  bendii^ 
a  little  fooner  than  the  Spring  M  fhall  have  unbent  itfelf :  So  that  the  Spring  C> 
being  bent,  and  the  Wheel  FG  fto|^ed  5  both  of  them  ftay  in  this  Pofturc,  till 
the  Spring  M,  when  it  fhall  be  quite  unbent,  doth»  at  the  tod  of  its  Mod« 
on,  touch  a  Piece  which  delivers  it.  And  then  the  Spring  C  unbends  of  itfdf 
in  its  turn  ;  the  Teeth  of  die  interrupted  Wheel,  which  continues  its  Moti* 
on  the  fame  way  as  before,  fince  'tis  delivered,  not  being  any  more  able  to 
hinder  it  thereform,  becaufe  the  Band  C,  doth  now  meet  with  the  emjptypart 
H,  of  the  faid  WheeL  But  before  it  hath  done  with  unbending  it  felf,  the 
indented  partL,  being  oppofite  to  the  empty  part  H,  that  turns  the  Barrel  M» 
bends  its  Spring  again,  and  having  done  fo,  ftops  with  it ;  whilft  the  Spring  C, 
making  an  e)=id  oT  onbekklitig  itfelf  delivers  them  by  a  reciprocal  good  Office, 
and  renders  to  the  Sprif^  M ^  die  fame  &fvices  wlucfa  it  had  xeociTod  fioox  i^ 
with  an  Expedatbn  of  recdving  the  like  again. 

Which  being  well  cbnfidered,  'ds  manifeft,  Tfiat  the  &me  jttenmiivt 
Motions  willtondnue  always  :  That  the  Periods,  taken  from  the  very  Nfc>- 
ment  of  that  one  spring  begins  tx>  unbend,  undl  the  Moment  it  once  uid»ids  it- 
felf again,  will  always  be  df  e§ual  l}urationj  the'  the  two  fmail  Sprit^  be  not 
equally  ftrong:  That  the  Babnq^of  {vidiz  Watch  will  be  double,  and  may 
be  charged  more  or  lefs,  and  receive  delay,  by  advancing  or  reooiUng  aknig 
the  two  Arms  two  6qual  Weights,  Counter^balancing  one  anodier,  that  ib  die 
Change  of  the  Situation  may  not  at  all  prejudice  the  Eqwdity  of  die  WtUtb. 
For  die  reft,  we  may  ih  this  kind  of  Watches  fpare  the  Fufee^  and  confequent- 
ly  the  String  or  Chain.  'Tis  alfo  eafy  to  judge,  that  fuch  Watches  as  thefe 
may  be  of  a  Size  fuflkiently  fmall  -,  diat  they  will  make  no  mote  Noife  than 
ordinary  Watches  \  that  they  will  be  as  exa£t  as  Pendulumsy  and  ceafe  noc  to 
go  whilft  tbej  arc  Winding  up.    And  tho*  ^  Motion  of  the  Watdi  Wheels 

may 
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futty  be  altered  by  numy  Accidenti,  yet  the  Periods  ^  the  fmdSl  Sprites  will 
not  be  concerned  in  all  or  any  of  them»  provided  the  Motion  of  the  Watch  .     . 

Wheels  have  always  more  Strength  than   i|t   needs  to  bend  them  ag^  & 
which  is  in  our  Power* 

The  Objections  that  have  been  made  againfl:  this  Contrivance,  if  employed 
forfaukng  Lmigituiesy  are  thefe ;  that  tofiing  of  Ships  would  fhake  the  Springs 
as  well  as  other  pieces ;  that  Ruft  would  fpoil  them»  fince  the  faltiih  Humidity 
€A  the  Sea  in  remote  Voyages,  fpares  not  the  very  Needles  of  Compafies 
f  ho'  inclofed  in  Boxes ;  that  the  Changes  of  Seafpns  and  Climates  will  fen- 
fibly  alter  the  Spripgs^  efpecially  the  great  Heats  or  Rains  within  the  Tropicks^ 
wfaKJi  at  length  will  fomewhat  imtemper  the  Steel  $  as  is  confirmed  by 
the  Experiments  of  the  iUuftrms  Asademf  of  Ftorems^  (hewing  how  eafily 
that  Heat  and  Cold  do  change  >S!»^  Springs :  Befides  that,  the  Air  more 
or  kfs  condenled  will  alio  more  or  lefs  refill  the  Motion  of  the  Balance.  To 
which  may  be  added,  that  Springs  by  working  are  weakened :  and  laftly. 
That  there  will  be  always  fome  Uttle  Fri^ion^  that  will  make  the  feveral 
pieces  go  more  or  lefs  eafily,  and  that  even  in  length  of  time  they  will 
wtar  out. 

•  But  I  anfwer.  That  ^  thefe  Defeds,  that  i»t)ceed  from  the  Imperfection  of 
the  Matter,  may  be  furmounted  by  a  gpieral  Remedy,  without  Examin- 
ing them  here  in  particular :  And  that  is.  That  for  executing  it  in  great,  we 
make  ufe  of  ma%  %>ring8,  as  are  thofeof  Crois^Bows,  we  being  Mafters  of 
them,  not  wanting  Force  or  Place  in  a  Ship,  to  govern  a  great  Wei^  that 
Aay  fare  to  bend  them  continually  again.  Now  thefe  majff  Springs  maf,  may 
be  fo  great,  and  their  Refiitution  fo  fpeedy,  by  augmenting  their  Number^  . 
that  all  the  above-named  DefafibB  will  have  no  confiderable  Proportion  to  this 
Strength,  and  the  Aggregate  of  their  Repetitions  will  not  be  foible  till  after 
a  very  long  time.  And  'tis  eafy  to  Dmmftraie^  That  by  augmenting  the 
b%nefi  of  the  Engine,  and  the  force  of  the  maf^  Spri$^Sj  we  may  make  the 
Error  as  final!  as  we  will,  provided  we  paffs  not  the  boimds  of  Conveniency, 
and  content  our  fdves  with  Exadnefi  fumdent  for  their  chief  End,  viz.  For 
finding  thtlMgisudts^ 

VL  The  Circle,  FGH,  being  placed  upon  z  Plane  ineUned  AB,  is  di^ -f  CAr*  Afcen- 
▼ided  into  two  unequal  Parts  by  the  Line  G  L    To  reftore  to  the  lefs  Sec- ?S?3^;^ . 
tare  its  jEquitthiun^  there  is  feftened  to  the  Extremity  of  the  Radius  D  F,  a^M.decennk 
Weight  F,  which  is  fufficiently  heavy  to  recover  what  the  Icffer  Seaure^-p^.-fiJ.    • 
lofes  by  its  Situation.    That  a  Wheel  or  Clock  may  thus  ftand  not  only  in  July  An.  1678. 
jSqmkMumj  but  alfo  aicend  upward,  there  is  placed  in  the  middle  of  the 
Chei  a  Drumj  which  indofes  the  Spring  of  tbt  Pendulum  5  upon  which  Drum 
is  fattened  the  iSjftiWDF.    For  thus  the  iS^i/jff  being  mounted,  enforces  the 
Drum  to  turn,  and  fo  to  raife  the  Weight,  which  it  cannot  raife  without  its 
becoming  more  heavy,  m  regard  that  coming  to  the  Point  E,  it  is  farther  from 
the  Center,  than  when  it  was  in  F,  and  thus  ^thcf^keel  turns  on  that  Side 
as  the  Spring  gives  way, 

o  0  0  2  yii.  Aitiio* 
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iiljndMt^  -        ^'''  Akho'  the  Marquis  of  IFbrcefter  is  faid  to  have  contrived  a  ^afcb  that 
«^*7«S«r,  Should  Afw^  upon  a  Declivity^  and  M.  ^<?  G^«wi  has  given  fome  Account  dt 
^^Maa-     a  c/^^yt  Afcendenton  a  Plane  inclined  %  yet  neither  of  them,  nor  any  like  them, 
^Tici.^.6^7.  was  ever  feen  by  me,  and  for  ought  I  could  ever  learn,  the  Reajm   of  thenr 
May  An.  1684-  Mottons  rfcmains  to  this  Hour  as  great  a  Secret,  as  if  they  had  never  been. 
I  fhall  therefore  give  an  Account  6f  a  MtyoemetU^  which  I  have  defign'd  to 
meafure  Time  after  a  peculiar  Manner. 
1%.  166.  I.  The  exteriour  Stru6hire  of  it  is  a  circular  Body  of  gi  Inches  Diameter, 

confiding  of  two  Plates  meafured  by  the  fame  Radius^  and  fixed  in  a  parallel 
Pofition  to  each  other  by  the  Hoop  b^  the  breadth  of  which  is  about  an  Inch. 
This  Hoop  and  the  two  Plates  form  the  Cafe  of  the  Movement  %  of.  which, 
that  which  appears  in  the  Front,  i3  towards  the  Verge  thereof  infcribed  witb 
a  Horary  Circle^  the  Divifions  whereof  anlwer  the  Hours  of  a  natural  Day. 
The  deep  Shades  within  this  Circle  are  intended  to  reprefent  a  Concave,  of 
near  half  a  Inch  deep ;  and  the  Prominence  jf,  in  the  middle  of  this  Concave, 
is  a  Hemifphere  of  Brafs  or  Silver,  riding  loofly  on  a  Pin,  which  lies  hid, 
and  is  the  Axis  of  the  Movement.  The  upper  half  of  this  HemUphere  is 
hollow,  but  the  nether  filled  with  Lead ;  and  the  fmall  Gentleman  that 
fits  thereon,  does  with  an  ereded  Finger  perform  the  Office  of  sm  Index. 
F^.  x6$.  But  this  being  only  for  Ornament,  you  may  iubftitute  in  the  room  thereof 
any  other  Index,  provided  the  Axis  whereon  it  is  fupported,  move  freely 
in  the  Hole  H,  and  the  lower  part  thereof  HL,  fo  far  preponderate  to  HP, 
as  always  to  keep  it  Pendulous,  with  its  Point  to  the  Vertical  Hour. 
jF%.  i66.  2*  ^^^  ^c  manner  of  its  Motion,  as  far  forth  as  it.  appears  outwardly  ^  ic 

.    is  thus :  S  E  reprefents  a  Board  or  Shelf,  of  a  ftraight  ana  even  Surface,  about 
6  Foot  long,  and  fo  thick  as  not  to  be  apt  to  caft  with  change  of  Weather ; 
nor  to  grow  cambet  under  a  fmall  Weight ;  on  this  is  the  Movement  piaoed^ 
and  here  to  perform  its  Courfe  ;  and  therefore  I  call  it  the  Stage  of  the  AAcrr- 
ment.    This  Stage  is  raifed  at  the  end  Sv  about  lo  Deg.  above  the  Horizon  or 
Line  of  Level  HE ;  but  this  Angle  of  its  Declivity  DE  H,  is  variable.    The 
two  Plates  which  form  the  Cafe  of  the  Mavementf  are  to  be  extant  all  round 
without  the  Hoop  i&,  4  of  an  Inch,  and  the  Edges  of  them  lightly  indented  i 
that  while  the  Movement  defcends  upon  the  Stage^  it  may  turn  only,  and  not 
Aide.     The  Movement  being  placed  as  high  as  it  may,  near  the  point   Sj 
fhall  move  downward  towards  £,  with  that  flownefs,  as  to  finifh  one  entire 
Revolution  in  24  hours  ;  and  while  it  does  fo,  the  Divifions  on  the  Horeay 
Circle  (or  Dial-Plate^  fucceffively  Culminating  over  the  Point  of  the  Index 
(which  is  always  to  keep  the  fame  Pofition)  will  fhew  the  Hours  of  the  Day 
and  Night.      And  when  by  feverai  repeated  Revolutions,  it  has  meafured 
the  length  of  its  Slage^  it  is  to  be  replaced  at  S,  as  before  •,  which  may  be  done 
in  lefs  than  half  the  time  you  are  Winding  up  a  Watch  j  and  if  the  Stage  be 
6  Foot  long,  no  oftener  than  once  in  a  whole  Week. 

^.  The  way  of  Adjufting  the  Motion  to  the  exaft  Meafure  of  an  Hour, 

and  Rcftifying  its  Errors,  is  thus:  viz.    By  the  turning  a  Skrew  inferted 

I  at  S,  the  Stage  may  be  elevated  or  deprefsM,  and  accordingly  the  Mave^nenl 

will   go  Fatter  or  Slower ;  Fatter,  n  raifed  up,  and  Slower,  if  let  doMoi ; 

and 
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and  by  taaking  the  Heray  Circle  moveable,  and  Inferdng  feveial  fihall  Boffea 
or  Buttons,  here  and  there  upon  the  Verge  thereof*  it  may  with  an  eafy  touch 
.  of  the  Finger  be  moved  to  the  right  and  left  as  there  fliail  be  Occafion,  till 
the  juft  Time  be  brought  to  the  Voinx.  of  the  Su^mded  Index. 

The  Reafdn  of  this  JMbvemefU  may  be  thus  ezplamed :  i.  Let  the  Circle  rig-  >^ 
L  O  DN,  reprefenc  any  Circular  Body,  whofe  Goiters  both  of  Gravity  and  Mag- 
nitude are  coincident  at  M.  Let  this  Circular  Body  be  placed  upon  fome 
Level  Plane GG;  and  then  it  i& evident  that  the  Angle  of  its  Contact  with 
that  Plane  at  a^  will  alfo  be  the  Point  of  its  Libration,  and  confequently  it 
muft  reft  there :  Becaufe  the  Moment  and  Impediment  are  equal.  ^    . 

2.  Let  D  E  reprefent  a  Defcending  Plane,  making  an  Angle  of  ContaA  with 
this  Circular  Body  at  t:  and  here  tis  manifeft  it  cannot  reft :  becaufe  the 
Line  of  Direction  ra,  which  (while  it  infifted  upon  a  I^vel)  divided  the 
Circular  Body  by  the  Centers  of  Magnitude  and  Gravity  into  parts  JEquiponde- 
rate,  is  now  removed  ta  L  D;  which  Line  L  D  falling  without,  or  befide^ 
the  Center  M,  evidently  de(fat>ys  the  .Squipoife  of  its  Parts,  and  there- 
fore muft  leave  it  to  tumble  down  towards  E.  For  here  the  Moment  is  greater 
than  the  Impediment.  The  Reafon  therefore  of  its  Defcent  now  being  the 
Over-balance  of  die  Parts  LND,  to  the  remsuning  Sedion  LDO,  it  muft 
neceilarily  foUow, 

3.  That  if  fome  Weight  equal  to  the  Excefs  of  LND,  above  LOD,  were 
afl^M  to  the  Limb  of  ue  Quadrant  O  n,  as  atP :  then  the  Circular  Body 
would  reft  as  quietly  at  ^,  as  it  did  before  at  a.  The  Suppoftdon  cannot  be 
denied^  and  the  confequence  is  unavoidable,  becaufe  LDO-{-P  sLND* 
the  Impediment  is  equal  to  the  Moment. 

Let  then  the  Numbers,  i,  2,  3,  4,  reprefent  a  Train  of  Wheel-work,  where-  9^.  i^s. 
in  there  is  no  material  difference  from  what  is  foimd  in  a  common  Watch  ; 
only  the  numbers  of  theTeeth  on  the  Wheels  and  Pinions  are  to  be  fo  calculat* 
ed,  that  the  Modon  of  the  Whole  Train  may  correfpond  to  the  ailigned 
Revolution  of  the  Body  of  the  Movement  which  is  to  be  once  in  24  Hours : 
It  would  be  expedient  alfo,  That  a  Spiral  Spring  were  apphed  to  its  Balance^ 
as  in  later  Movements^  is  ufual ;  but  of  a  Fufee  here's  no  need,  for  the  Turns 
of  the  Body  of  the  Mfvemeni  as  it  defcends  upon  the  Stage^  anfwer  all  the  In- 
tentions of  a  String  or  Chain ;  and  the  Coniranitence  of  the  Weight  P,  to  the 
Excefs  of  LED,  above  LQD,  ferves  inftead  of  a  Perpetual  Spring ;  and  the 
Movement  wants  only  a  Perpetual  Defcent j  to  make  its  Motion  fo.  And  whereas 
the  great  Wheel  in  ordinary  Movements^  is  placed  as  near  the  edge  of  the 
framing  Plate/  r,  as  it  may  be ;  here  it  muft  (with  its  Jxis  or  Arbor  M) 
poflcfs  the  Center  of  the  Movement :  Becaufe  this  Wheel  is  to  carry  the  Weight 
of  Power  P,  by  the  Feilis  M  P,  and  that  Weight  P  muft  always  keep  an 
Equidiftance  from  the  Center  of  the  Movement ;  that  while  the  Body  thereof 
(/.  e.  of  the  Movement)  performs  its  Revolutions  ;  the  faid  Weight  P,  and  the 
greac  Wheel  (to  which  it  is  affixed)  may,  without  any  confiderable  Variation^ 
continue  in,  or  near  the  fame  Pofition,  wherein  they  now  are.  Now  fuppofe 
this  Weight  P,  with  its  FeSis  M  P,  to  be  taken  quite  out  of  the  Movement^ 
and  the  Body  of  the  Movement  to  be  placed  on  a  Horizontal  Plane  HH,  its 
Point  of  Conta<5t  in  that  Plane  is  T  ^  where  it  ihould,  but  cannot,  reft ; 

becaufe 


L 


(     470     ) 

becanfe  the  Wdght  of  that  M  of  the  Traits  marked  iridi  tlie  Numbeis, 
«»  3>  4»  rcmovestheCentcr  Of  Gravity  fitrfn  M;  mddicrefiirc  on  the  oppofite 
Fart  of  the  MovemerU  ^s  about  C  Q^  the  Infide  of  the  Hocp,  which  lorms 
the  Cafe,  is  to  be  loaded  with  athin  Limng  of  Lead,  wfakh  may  bea 
Counterpoife  to  that  part  trf"  the  Train ;  that  fo,  the  whole  Body  of  the 
Movement y  together  wim.  all  its  Fumkore^withia  and  witfaout(excepting  only  P, 
with  its  VeSlis)  may,  on  that  Horizontal  Flane»  or  while  it  rides  upon  its  own 
jiifis^  reft  indiff!srently  m  any  f oim«  This  reducing  of  the  Ma^vemem  to 
m  Equilibration  of  all  its  Parts  in  the  Center  Mf  muit  be  mrforaied 
^entando^  i.  e.  by  Rafping  the  Lead  atC  Q^  as  much  and  in  iiich  Places  as  is 
fieedfuU  which,  to  an  Artificer  of  Ordinary  Sagacity^  will  not  be  at  all 
difficult. 

The  Center  of  Gravity  being  thus  reduced  to  M,  replace  theWe^ht  P^ 

fh.  170.  by  the  Hole  H,  on  the  Arbor  of  the  Cmttal-Whed  M.  Then  let  die  Body 
of  the  MmemcHt  be  phcod  on  the  Declivity  DE>:  and  fuppofing  P+L  Q^D 

F^^M.  sLDE,  then  the  Body  mufbneeds  reft  there:  But  beduife  tte  Weight  P,  is 
not  now  fuc'd  to  any  part  of  the  Qj^rant  QD*  but  hangs  upon  the  Train 
ctf  Whecl-work  i,  2,  g#  4,  itevidendy  foUows,  That  if  die  Pbwer  thereof  he 
fuperior  to  the  Refifiance  of  the  Train^  then  the  whole  Body  of  die  Mm- 
metU  muft  needs  defcend,  towards  E.  By  this  you  fee  there  are  two  Offices 
iifligned  to  the  Weight  or  Power  P.  The  Fiift  is,  to  be  a  Counterpoife  to  the 
cxcefs  of  the  Weight  of  L  E  Di  above  L  Q^D* 

The^S^omd  is,  that  it  be  of  force  fufficientto  put  the  Train  into  a  Motion 
ib  adjuftedy  af  may  exactly  comport  vnth  the  dme  affigned  for  the  Revolndon 
of  the  whole  Body.  So  that  if  there  be  any  Difficulty  remaining,  it  confifb 
in.fuch  aA  eicaft  Stating  of  the  We^tand  Power  of  P^  that.it  may  adequately 
ferve  both  thefe  Intentions.  Now  how  eafy  this  is,  will  be  manifeft  from 
thefe  Propofitions  following. 

1.  TJiat  whatever  theiintrinfick  Weight  of  P  Ihall  be,  as  flippofeit4 
Ounces  Troy\  yet  the  Power  of  that  Weight  will  be  alimented  ordimi*- 
nifhed  according  to  the  diflferait  Degrees  of  its  Elevation  in  the  Quadrant  TQ^^ 
Thus  coiaifidering  P  M,  as  a  VeSis^  its  Hypomocblium  is  M,  the  Pomt  where  it 

^  «ifierts  its  Power  on  the  Train,  is  at  V  j  I  fay  then,  whatever  Power  it  has  upon 
*  the  Pomt  V5  in  its  prefent  Elevation  of  45  Deg.  it  will  acquire  a  greater  by 
being  raifed  to  50^  55,  (Sc.  and  the  greateft  of  all  in  90  Deg.  at  C^  And  on 
the  contrary,  let  it  fiiik  to  40©,  35**^  &V.  its  Power  upon  the  Point  V,  will  ftiU 
be  dimbilhcd,  infomuch  that  in  T,  it  will  be  utterly  extinguifh'd.  And 
therefore  if  P  be  of  a  competent  Weight  (/.  e.  not  utterly  too  Ji^ht)  to  m&oe 
the  Traia  at  all,  it  will  certainly  move  it  in  fome  Degree  of  Elevation  or 
odier  in  the  Quadrant  QJT. 

2.  If  the  Weight  P  be  confidered  as  to  its  Office  of  being  a  Counterpoife 
to  the  Body  of  the  Movement ;  as  I  need  not  to  prove,  that  it  will  pertorm 
this  no  kfs,  while  it  hai^  by  upon  the  VeHis  M  P,  than  if  it  were  fan:  rivet- 
ed in  the  fame  place  to  the  Cafe  of  the  Mffoement :  fo,  in  what  Point  of  the 
Quadrant  foever  it  will  move  the  Train,  it  may  be  alfo  a  Counterpoife  to  the 
Body  of  th^Movemffit^    For, 

t.  At 
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1.  At  what  Point  (bever  of  the  Circle  LETQ»  the  Line  of  Declivity 
D  E,  makes  an  Angle  of  Contadt  5.  on  the  lame  Point  will  the  Diameter  S  D 
fall  at  Right  Angles  with  D  E. 

2.  The  Line  qf  Direftion  LD,  will  ever  fall  upon  thcPomtof  ContadD^ 
making  an  Angle  with  the  Diameter,  as  S  D  L. 

3.  The  Angle  SDL,  will  be  always  equal  to  D  E  H,  /.  e.  As  great  as  is  thcf^,  16^^ 
Elevation  of  me  Line  of  Declivity  DE,  above  the  Horizontal  EHj  fo  great 

will  the  Angle  of  Diftance  be  between  the  Diameter  S  D>  and  the  line  <^ 
DiredionLD. 

4.  The  greater  the  Angle  of  Declivity  is,  the  lefs  will  be  the  Sedion  L  QD  ; 
and  fo  on  the  contrary,  t^  lels  that  An^le  is,  ^  greater  the  Sedtion.  And 
therefore, 

5.  TheExcefs  of  the  Weight  of  LED,  above LQD,  muft  be  alfo 
greater,  by  Raifing  up  the  Stage  wkb  the  Skrew  at  S  ^  and  that  Excels  lels 
bySkrewing  it  down. 

6.  The  Lighter  that  part  of  the  Body  is,  which  is  reprcfented  by  the  Sedtioa 
L  Q^D,  the  more  Heavy  ought  the  Counterpoife  P,  to  be  i  and  that  either  in  it« 
own  Intrinfick  Weight,  (in  Ounces  and  Parts  of  Ounces)  or  clfc  in  its  Potential 
Weight,  by  being  r^ed  higher  in  the  Quadrant  QT. 

7.  The  Skrewing  up  the  Stage  of  the  Movement  at  S,  will  raifc  the  Coun- 
terpoife higher  in  the  Quadrant  QJT,  by  Prop.  3.  and  therefore  potentially 
h^vier.  And  from  hence  appears  (I  take  it  moft  clearly)  both  the  Reafon  o£ 
the  due  Adjuftnaent  of  the  Motion  of  the  Train  to  the  exafl:  Meafure  of  am 
Hour,  and  what  Weight  is  to  be  aliened  to  P,  that  moves  it  -,  and  that  we 
are  not  confined  to  Scruples  and  Grains^  but  are  alicmed  fuch  a  confiderablc 
Latitude,  as  it  is  not  eaiy  to  err  therein. 

•  Having  thereforie  fet  the  Stage  (by  the  help  of  the  arched  Skrew)  at  the  EJct 
vation  ofabove  10  Deg.  place  the  Movement  thereon,  and  try  what  Weigbtt- 
hanging  at  the  end  of  the  VeSh  M  P,  will  flir  the  Train  j  mean  while  hold» 
ing  the  Movement  with  the  Hand  in  fuch  a  Pofition,  a$  the  VeSis  may  niak^ 
an  Angle  of  about  30  Deg.  with  the  Perpendicular  M  T :  then  let  the  Mme^ 
ment  loofe,  to  undulate  upon  the  Stage ;  and  when  the  Vibration  ccafes,  ob- 
fcrve  to  what  Degree  of  the  Quadrant  the  VeStis  Points,  and  at  the  lame  tim^ 
mind  the  Pulfes  of  the  Balance.  If  at  this^  Obfervarion,  the  Weight  lies  low^ 
(as  for  inftance,  between  25  and  ^^  D^.  of  the  Quadrant)  and  the  Beats  of  tha 
Balance  are  guefled  to  be  not  much  different  from  their  due  time*  the  Weight 
P,  is  well  enough  proporti<med.  But  if  it  chance  to  be  much  heavier  than  ig 
abfolutely  needi^,  that  Excefs  will  be  moderated  by  Skrewing  down  the  Stage  > 
and  if  it  be  not  abfdirtely  too  light,  its  Defeat  will  be  compenl^cd,  by  Skrew- 
ing the  Stage  higher.  Therefore  of  thefe  two  Extremes,  choofe  the  former  1 
for  the  fewer  Degrees  that  P  arifes  in  the  Quadrant,  beyond  what  is  abfplul^ly 
neceflary,  it  will  (for  Reafons  very  obvious)  be  fo  much  the  better,  •  SlJPi?*C 

Defient  tf  Hts» 

Vin.  Des  Cartes  his  Notion,  I  muft  needs  43on£eft  to  he  to  me  incomj^e-  ZImI'/^' 
henfible,    while  he  will  have  the  Paitklcs  of  his  C^lejlial  MatUr^    by  being  ^Ji/^j/r* 
reflected  on  the  Suiiace  of  the  Earth,  and  fo  alc^n^ing  therefronay  to  drive.H*^-  <^  <^; 
,  4  down,is6. 
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down  into  their  Places  thofe  Tcrreftrial  Bodiesthey  find  above  them :  This  is^ 
as  near  as  I  can  gather,  the  Scope  of  the  20,  21,  22,  and  23  SeSions  of  Ac 
kft  Book  of  his  Princifna  PbiloJapbU\  yet  neither  he  nor  any  of  his  Follow- 
ers can  ftiew,  how  a  Body  fufpended  in  Ubero  JStbere^  fhall  be  carried  down- 
wards by  a  continual  Impulfe  tending  upwards,  and  afting  upon  all  its  Parts 
equally :  And  befides,  me  Obfcurity  wherewith  he  exprcffes  himfelf,  particu- 
larly, SeH.  23,  does  fufficiently  argue,  according  to  his  own  Rules,  tiic  Cofh- 
fufed  Idea  he  had  of  the  diing  he  wrote. 

Others,  and  among  them.  Dr.  Voffius^  aflerts  the  Caufe  of  the  Defcent  of 
Heavy  Bodies,  to  be  the  Diurnal  Rotation  of  the  Earth  upon  its  /^;tfiV,  widi- 
out  confidering,  that  according  to  the  Doftrine  of  Motion  fortified  with  Dc- 
sionftration,  all  Bodies  moved  in  Greulo^  would  recede  from  the  Center  of 
their  Motion ;  whereby  the  contrary  to  Gravity  Would  follow,  and  all  loofc 
Bodies  would  be  czik  into  the  Air  in  a  Tangent  to  the  Parallel  of  Latitude* 
without  the  Interveni;ion  of  fome  other  Principle  to  keep  them  faft,  fuch  as  is 
that  of  Gravity.  Befides  the  EfifeA  of  this  Principle  is  throughout  the  whole 
Surface  of  the  Globe  found  nearly  equal,  and  certain  Experiment  feems  to  ar- 
gue it  rather  le(s  near  the  Equino6tial,  than  towards  the  Poles ;  which  coiild 
not  be  by  any  means,  if  the  Diurnal  Rotaium  of  the  Earth  upon  its  Aris  were 
die  Cauie  of  Gravity ;  for  where  the  Motion  was  fwifteft,  the  Efieft  would  be 
moft  confiderable. 

Others  aflisn  the  Preffure  of  die  yttmojpbere  to  be  the  Caufe  of  this  Tendency 
towards  the  Center  of  the  Earth  ^^  but  unhappily  they  have  niifbken  die  Caufe 
for  the  £ffe£t,  it  being  from  undoubted  Principles  plain,  that  the  Atmofphere 
has  no  other  Preflure,  but  what  it  derives  from  its  Gravity ;  *  and  diat  the 
Weight  of  the  upper  Parts  of  the  Air,  prelling  on  the  lower  Parts  thereof 
do  fo  far  bend  the  Springs  of  that  Elaftick  Body,  as  to  give  it  a  Force  eoual 
to  the  Weight  that  comprefled  it,  having  of  itfeJf  no  Force  at  all :   And  nip- 

Sofing  it  h^,  it  will  be  very  hard  to  explain  the  Modus^  how  that  Preffiue 
tould  occafion  the  Defcent  ox  a  Body  circumfcribed  by  it,  and  pi:efied  equally 
above  and  below,  ^mthout  ibme  other  Force  to  Draw  or  Tbruft  it  downwards. 
But  to  demotiftrate  the  contrary  of  this  0[nnion,  an  Experim(;nt  was  long 
fince  fhewn  before  the  Royal  Society ;  whereby  it  appeared,  that  the  Atmofphere 
was  fo  far  from  being  the  Caufe  of  Gravity^  that  the  Efieds  thereof  were  much 
more  vigorous  where  the  PrefTure  of  the  Atmofphere  was  taken  oflT;  for  a 
long  Glafs-Receiver,  having  a  light  Down-Feather  included,  being  Evacuated 
of  Air,  the  Feather,  which  in  the  Air  would  hardly  fink,  did  in  Vacuo  defcend 
with  nearly  the  fame  Velocity  as  if  it  had  been  a  Stone. 

Some  dunk  to  illuftrate  this  Defcent  of  Heavy  Bodies,  by  comparing  it  with 
the  Virtue  of  the  Load/tone ;  but  fettbg  afide  the  Diflference  there  is  in  the  man- 
ner of  their  Attradtions,  the  Loadftone  drawing  only  in  and  about  its  Poles,  and 
the  Emdi  near  equally  in  all  Parts  of  its  Surface,  this  Comparifon  avails  na 
more  than  to  explain  Ignotum  per  aqui  Ignotum. 

Others  afiign  a  certain  Sympathetic^  AttraSi&n  between  the  Earth  and  its 
Parts,  whereby  they  have,  as  it  were,  a  Defire  to  be  united,  to  be  the 
Caufe  we  enquire  after :    but  this  is  fo  far  fix>m  explaining  the  Modus^  that 
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it  is  little  more,  tluoi  to  tell  us  in  other  terms,  that  Hea%of  Bodies  defcend,  be«« 
caufe  they  defcend. 

Buttho*  the  Efficient  Caufe  of  Gravity  be  fo  obfcure,  yet  the  Final  Caufe 
thereof  is  clear  enougl^^  for  it  is  by  diis  fii^le  Principle  that  the  Earth  and 
ail  the  Celeitial  Bodies.are  kept  from  DiiTolution:  the  leaft  of  their  Particles 
not  beifig  fuSered  tO;  recede  hx  froih  their  Surfaces,  without  bemg  immediate^ 
ly  brought  dowQ  ^gaiq  by  Virtue  of  this  Natural  tendency^  which,  for  their 
Prefervation,  the  Infinite  Wifdom  of  dieif  Creator  has  ordained  to  be  towards 
each  of  their  Centers ;  nor  can  the  Globes  of  the  Sun  and  Planets  otherwifc 
be.deftroycd,  but  by  taking  from,  them  this  power  of  keeping  their  Parts 
united,  .■-...'■ 

The  Affe£Hons  or  Properties  of  Gravity^    and  its  manner  of  ading  xk^n  ikt  properties  ^ 
Bodies  Falling,    have  been  inagreat  meafure  difcovered,  and  moft  of  them^^^'   ^^ 
made  out  by  Madien:)atical  Demgnftiation  in  this  our  Century,  ,by  thq  accu^^' 
rate  Diligence  of  G^iie^,  Torricellius^  tiuygenius^  and  others  5  and  now  lately  | 
by  our  worthy  Countryman  Mr.  If.  Newton.    Which .  Properties  1  ihall  here 
cnumeratet  -     ^     :  \ ' 

!•  The  Jfirft  Properly  is,.  That  by.  ti)l^  Principle  of  Gravitatiop^  aU  Bodies  do 
defcend tawsLcds  a  Pwi»/,  which  either  is», or  elfe  is  very  near  to  the  Center  o? 
M^mtude  of  the'  £^r/ib*and  Sea^  al^put;  which  the  Sea  forms  itfelf  exa6tly  into 
a  Spherical  Surface,  and  the  Prominence^  of  the  Land,  confidering  the  Bulk 
of  me  whole,  difier  but  infenfibiy  therefrom. 

2.  That  this  Point\  or  Center  of  Gravitationj  itfix^d  within  the  Earth,  oi: 
at  leaft  has  been  fo,  ever  fince,  we  haye  any  Authentick  Hiftory  :  For  a  Con^ 
fequence  of  its.Ch^ige,  tho*  never  fo  litde,  would  be  the  over-flowing  of  the 
Low-lands  onithat  ude.of  the  Globe  towards  which  it  approached,  and  the 
leaving  new  Iflands  bare  on  the  oppofite  fide,  from  which  it  receded  5 .  but  for 
this  Two  Thoufand  Years  it  appears,  that  the  Low  Iflands  of  the  Mediterranean 
Sca(Mar  to  which  the  [Andcntefl:  Writers  lived)  have  continued  much  at  the 
iikne  Height  above  the  Water,  as  tWnow  ate  found';  and  no  Inundations  or 
Recefles  of  the  Sea  arguing  any  fuch  Change,  are  recorded  in  Hiftory,  ejccept- 
ing  the  Univerfal  Deluge^ . .  which  can  npbettcr  way  be  accounted  for,  than  by 
fuppofing  this  Center  of  Gravitation  removed  for  a  time,  towards  the  Middle 
of  the  then  Inhabited  Parts  of  the  Wprld  -,  and  a  Change  of  its  place,  but 
the  two  thoufandth  Part  of  the  Radius  of  this  Globe,  were  fufficient  to  bury 
the  Tops  of  the  Higheft  Hills'  under  Water. 

3.  That  in  all  Parts  of  the  Surface  of  die  E^rth,,  or  rather  in  all  Points  equi- 
dirant  from  its  Center,  t^e  Force,  of  Gravity  is  nearly  Equals  fo  that  the 
length  pf  the  Penduluni  vibrating  Secqnds  of  Time,  is  found  in  all  Parts  of 
the  World  to  be  very  near  the  fame.  'Tis  true,  at  St.  Helena,  in  the  Latitude 
of  16  Deg.  South,  I  found  that  the  Pendulum  of  my  Clock,  which  vibrated 
Seconds,  needed  to  be  made  fliorter  than  it  had  been  in  England^  by  a  very 
icnfible  Soace  (but  which  at  that  time  I  neglected  to  obferve  accurately)  before 
it  would  Keep  Time  5  and  fmce,  the  like  Obfervations  have  been  made  by  the 
French  Obfervers  near  the  Equino6tial  j.  y? 1 1  dare  not  affirm,  that  in  mine 
it  proceeded  from  any  pthcr  Caufe,  than  the  great  Height  of  my  Place  of 

^    -  •    '         Ppp  Obfer- 


'^  OMervatiort  abwe  tht  Sntftcc  of  iheSfci,-  irfifeffcby  tW  i3i^rfw/>*  being  dirni^ 

nifhed,  the  Length  of  the  Pendulum,,  vibjfating  Second^,  ii^dfortkirtably 
feortned.    -  ;    *  ^   .'     '.  '  '  •      -  -    "     \ 

4.  That  Wmijfdote  tqUafly  iff^ii  iW  BbdUu  -  withcWt  h^d  cithci'  td  thdr 
Matter,  Bttlk;  of  Flgfarfe^  ftf  fehkt  tfe  Irflf^feditnent  of  tfife  IVfedluiti  being  re- 
fhovedi  thfe  mdrt  cdmjpaft  ^  and  rnoft .  Ipbie-,  ^ tliS-gfeiikeR'  dfid  fhialldl*  Bodies, 
would  akcerid  the  fahie  Sriaccs  in  t^ir^^^  tft^THitR  Whertof  wH!  iip- 
ibcdr  Sofri  thfe  EiciierlHigfit  I  "brforfe  jciiccl-  Iri  thefe  t^H^o  laft  Particiikrs,  is 
Rit^i  the  gfeai  Bifltrthte  betWieU  G^^Bj  vlM  Mr^neii^in,  die  one  affefting 
only  Irdn;  aid  that  kd^ardsiti  Polfesr  thrf  otter  all  ^idifa'  dike  in  fevery  part. 
As  a  Corollary^,  from  hence  it  will  follow,  That  there  i5.n0  fuch  thing  aS  Ptfi^ 
five  Le^iy^  thofe  thingfe  Ihat^^pear  Ugbtl  bring  only  eom^a^ativtly  ft)  5  and 

.     irhcftjlkf^ii^ltWn^itiftand.CWimiri  for  BuBc, 

they  arc  not  jfo  heavy  ,a^  thBfe' Fluids ;  nor  is  there  any  Re^fon  why  Cffrk^  for 
inftan(;e,;ft6liH  be  liB'tb  }k  U^i  beeawfe  it  fitfims  ©hl^^a^fc^,  ady  nnore  than 
ff^y,  "beelrifefitj^fmirbriMm'i/ry.  -    .    •  -  l''  * 

5.  That  .this  P^fr/»rr^^j:  as  you  Dtfcend  tOy  and  J)ecriafes  as  you  J^ctni 
frtiYi  th't  CV»/(T,  and  tha!t'Si  the  Prdpoiticm  oF  ^t'^uares  of  the  Difta^ces 
Hiercfroni  RtciprhcaUjr^  fo  as  at  *  double  ^Drftarici  to  havie  but  a  quarter  of  the 
Foiipe:  Tfiis  Prbpferty  is  the-  ftinciple  bh  whi<;h  Mr.  JStMton  haS  madeout 
ali  the  Phfenomeiii  At  dife  Cilcltial  MbtibhS,  fo.feafilyaha  lAtUt^y,  diat  its 
Trutl>  is.paft  difpute.  Befides  that^  it  is  hijgWy  rational,  'that  the  AtlraSHvt 
w  G^diniafir^  PdwermcliM' cxeih:  itfelf  rrtort  vigorodfljr  in.  a  fm^  Sphere, 
ahd  wtakier  in  a]greatcr,  ^6;^  prb^rtiiph^S  it  is  cbritfaaed  or  expartdttd  5  ami 
if  fo',  feetng  that  the  Spi^^cis  of  Sphet^-ate  ii  die  Squkt^s  ot  tlhfeh-  Rmbi^ 
thi^  PoWer  ^t  feveral  EHftandes  will  te  is  the  Squafrisof  ihCfft  Dlft&ncesiJ^r*^ 
frocalfy ;  ihd  then  its  whole  AiStion  lipon  each  Sphettcil  ISttrfacc,  be  it  great* 
or  fmall,  \viil  be  al^te^  equal.  '  Ajad  this  is  *evi<feritry.thfe,Rute  xX'Otavitarm 
towards  the  Centers  of  the  '5i»,  Jupit&^  Sasut?tj  and  the  'Earfb^  and  tbcnce 
reaJbhaWy  inferred,  tb  be  the  general  Prihdple  obfetyedby  NattJre  m  lafl  the 
reft  of  the  OleJHal  Baizes. 

Thefe  are  the  principal .  Affedions  tilF  ©rStt?fty,  frbm  '^Mdi  the  Rules  rf  the 
FaH  ti(  BodieSj  ijhd  the  Miliar  of  Phrje^Sy  are  KtatheAiatidally  dedttciblc. 
Mr.  Jf.Ndivtffn  hatli  ihewed  how  to  define  thifc  Spaces*  of  the  0dcent  of  a 
Bodyi  fct  fall  ft*oih  kny  ^vcti  Height,  doWh  tO  tile  Center,  foppofing  the 
Gravitation  to  increafe,  as  in  the  Prtth  t^rdperty  5  but  cotofidering  tlfie  Smafl- 
nefs  df  Height,  to  which  any  ProjeSf  can  be  made  to  'afcctid,  and  T)vtr  how 
little  ah  Arch  of  die  Globe  it  'can  be  taft  by  ahy  of  t)ur  Enrftacs,  we  may 
\^ell  enough  fuppofc  &c<Jrjt;;0'£jK^/t!hrodghout,  aiid  the  Befients  of  Pr^- 
jeiis  in  Paraltd  Unes^  Which,  in  Truth,  are  towards  the  Qwrrtr ;  tfac  Difiifrence 
TCihg  {b  fnfiall  as  'by  no  n^ans  'to  be  difcovered  in  Praftitc; 

Tr^ffiOfm  am-  Pi^p-  tj  '^6  Velocities  t/  falling  Bodies^  'ire  PrcfMiMate  t^  the  Itimesfrtrtn 
T^^fm  ^'"^^^  Beaming  of  their  Mis. 

^diis,  JUdfhe  This  foJloWs,  for  that  the  A&ion  of  Gravity  being  cohtimial,  in  tvtt^  fpace 
j^rf«,./i>r- -^Tji^t^  the  ^felHng  Body  receives  i  new  Impolfc,  -tquai  to  whatit  hadibe?- 
/*'irf.^9.  fore. 
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forct  in  die  f^e  Spaced  Time;  received  fro»^ii?&i\e  jPcfer^  for  In- 
ftancc^  in  die  Fkft  Second  pf  Tiine^  the  jfaUing  Bqdy  .^  9c<}uired  a  iT^Z?*- 
^'/jf^  which  >n  That  Time  would  cany  it  to  gce/Jt^in  jC>(ftyioe.  ftipji^ofe  j^z 
Footy  and  were  there  no  new  Force,  would  defcend  at  that  Kate  mth  an 
Equable  Motion ;  hut  in  At  Dext'Seoond  of  Tirni^  t^  ^^e  fP^^r  of  Gra- 
wtjf  xQDtinually  Admg  thereon,  fuporadda  a  If  ew  Ff¥^i&  lequf  1  to  j^  Jtponer  ^ 
ib  itlat  :at  the;  end  of  two  Secpnds,  the  F^ldfity  h  4f^^  !;o  ffb^  i^  wa^  at  the 
end  of  the  firft  i  and  after  the  ianoe  manner  m%T }%  ^  pipye^  to  l?e  Trip^ 
at  ikc.end  of  the.  Third  Secx)nd,  and  (o  on.  Whflref<;rc  the  .ydpfitusof  Fatling 
Modusy  jirfpraf^iiQiMi  to  ihe  -Tims  of  their  FalU.  Q^  p.  p.       ' 

Pxap.  H-]  7i&^  Spaces  iifcrihei  kf  ^^  P^  ^  ^  ^9fy%  !Brtfls  the  Squares  ^ 
Oe  7imcsfirm  the  Boning  pftbe  FaU. 

DemnfbMm.']  lit  A^  reprefent  .tl?e  Time'  of  the  Fall  oi  a  Body,  B  C,!^.  171. 
fierpendiculaH-  to  AQ,  the  Vekxrity  acquired  at  t^e  End  qf  the  Fall,  and 
.draw  the  line  A  €  4  then  divide  »t1i^  Xine  A  B,  ^reprefenQng  the  Time,  into 
as  many  equal  Parts  as  you  pleafe,  as  bj  by  bj  bj  &r.  and  through  thefe  Poin^ 
draw  the  Lint%  bc^isyicj^ey  {kc.  t)ar^kl  tio  ?€•,  'tis  manifeft  that  the 
Jfcveial  Lines,  be,  jepiifent.tlieiev^rd:i^^&«ft'4^  <^,the  Falling  Body,  in  fucji 
parts  iof  the  Time,  .asA^,  ifiof  Afl,  by  .the  ForjnerFriipqfitiQn.  It  is  evident 
Ukewife  that  the  Area,  ABC,  is  die  Sum  of  all  d>^  Lines  ^,  being  takeji 
^conrding  to  the  Mtlbodd  Indh^ibki  infinitely  nrnmy  \  fa  th^t  the  Area  ABC, 
itpceients.the  Sum  of  all  the  ^^/ori^w.  bet  ween  none  and  BC,  fuppofed  infinite- 
ly many ;  which  Sum  is  the  Space  defccnded  in  the  Tipie  reprelented  by  A  B. 
And  by  the  fame  Reafbn,  the  Areas  A  bc^  will  repreient  the  Spaces  defended 
iathc  Times  A  * ;  fo  then  the  Spaces  defcended  in  the  Times  A  JB,  ^  ^,  are  as 
.  the  Areas  of  the  Triangle,  ABC,  Kbc^  which  by  the  ^otb.oi  the  iStb  qf 
EucUd  are  as  the  S^Hflres  of  thor  Htmol^us.  Si^s  A  Ps  A  ^,  th^t  is  tq  lay,  of 
the Tmes:  Wherefore  the Befantsoi Falling  Bfidics^  arc  as  the  Sjftares  gf  the 
^ov.of their J5rf/..   Q^E.B.   . 

Prop.  III.]  The  Velocity  which  a  falling  Bodj^  acquires  in  any /pace  ef  ptne^  h 
douUe  to  thaty  wherewith  it  wmdd  haw  jntwej^  the  :Spjfce  4efcended  by  an  Equable 
MoJion^  in  Jhe  fame  Time. 

DemonJlr4tion.l)BtB,w^ihch^  C  pwailcl  to.AB,  and  A JE  parallel  toBG, 
and  compkat  the  Rarallelogram  AJSCE ;  it  is  evideat  that  the  Jrea  thereof  may 
Teprefent  the  Space,  .a:BadYfnovedEputbfy  with>the  Felocity  BC,  wpuld  d(?- 
fcnbe  in  jthe  Time  AB ; .  and  the  TriangU  AB  G,  repr^feijts  the  3pace  defcribcd 
by  the  Fall  of  a  Body, :  in  thfe  f^flfie  Time  AB,  by  the  Second  Pri^ttm.  ,  No^w 
the  Tria9gle  ABC,  is  Half  of  thcP^mlMogram^^BCEi  ^fi  ■cqnfequentjy 
the  Space  defcribcd  by/ the  Folly  isHalf  what  Would  Jiave  bceadcfcribed.by  ^ 
Equable.  Motion  with  the  ^^fcaVy.RC,  in.  the.fame  Tiflie :  wl^erefoije  the  Veloci- 
ty BC^  at  the  End  of  die  FaU,  :is  Dmileto.  that  Velocity^  wh^ch  in  the  Time  A  B» 
would  have  deftrijbed  the  Space  fallen,  reprefpnted  by  the  Triangle  AJ&Qy  w^h 
-m  Eatable  Motion.  Q^E.  Di  .  . 

-  i  P  P  P  2  Vvo]^. 
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Prov.  IV.]  All  Bodies  tm  cr  near  the  Surfaee  of  }be  Earthy  in  their  FuU^-  de^ 
fcend  foy  as  at  the  End  of  tbg  Firft  Second  of  pme^  they  have  defcrihed  i6  Feet^ 
one  Incbj  London  Meafure^  and  acquired  the' Vehcity , of  j^i  Feet^  two  Inches^ 
in  a  Second.  ■  ..... 

This  is  made  out  from  the  25tb  Prop.  Par,  2.'Porol.  OfcilL  Hu^en.  where- 
in he  dcmonftrates  the  Time  of  the  leaft  Vibrations  of  a  Pendulum,  to  be  to 
t4xe  Time  of  the  Fall  of  a  Body,  from  the  Height  of  Half  the  Lengthrof  the 
Pendulum,  as  the  Circumference  of  a  Circle  to  its  Diameter :  whence,  as  a 
.  Corollary y  it  follows.  That  as  the  Square  of  the  Diameter  to  the  Square  o^ 
the  Circumference,  fo  half  the  Length  of  the  Pendulum  vibrating  Seconds, 
to  the  Space  defcribed  by  the  Fall  of  a  Body  in  a  fecond  of  Time  :  and  the 
Length  of  the  Pendulum  vibrating  Seconds,  being  found  3Q,i25,;ori  biches, 
the  Defcent  in  a  Second  will  be  found,  by  the  afotefaid.  Analogy,  i6  Foot  and 
one  Inch :  and  by  the  ^ird  Propqfition^  the  Velocity  will  be  double  thereto; 
and  near  to  this  it  hath  been  found  by  feveral  Experiments,  which  by 
reafon  of  the  Swiftnefs  of  the  Fall,  cannot  fo  ;exa£Uy  determine  its 
Quantity. 

Frbm  thefe  Four  Propofitions,  all  Queftions  concerning  the  PerpmUadar  Rdl 
of  Bodies  are  eafily  folved,  and  either  Tmcy  Height^  ot' Velocity  being  affignied^ 
one  may  readily  find  the  other  two.  From  them  likewife  is  the  I^xSriae 
of  Preye6is  dcducible,  affuming  the  two  following  Axioms :  viz. 

1.  Xbat  a  Bodyfet  a  moving^  will  move  on  continually  in  a  Right  Line  with  an 
Equable  Motionj  unlefsfome  other  Force  or  Impediment  intervene^  whereby  it  is 
accelerated^  or  retarded^  *r  defkUed. 

2.  That  a  Body  being  agitated  by  two  Motions  at  a  Time^  does  iy  their  Cem^- 
pounded  Forces  pafstM  the  fame  Point Sy  as  it  would  dp^  were  the  two  Motions 
divided  and  a3ed  fuccejftvely.    As  for  inftance^ 

Wig,  i7».  Suppofe  a  Body  moved  in  the  Line  G  F,  from  G  to  R,  and  there  fiopiHng» 

by  another  Impulfe  fuppofe  it  moved  in  a  Space  of  Time  equal  to  the  former 
from  R  towards  K  to  V ;  I  fay  the  Body  fhall  pafs  thro*  the  point  V^&o' 
thefe  two  feveral  Forces  a£i:ed  both  in  the  fame  Time. 

Prop,  v.]  The  Motion  ofallProjeffs  is  in  the  Curve  ofaJ^araBola. 

Demonftration.'}  Letthe  Line  GRF  be  she  Line  in  which  tlie  ProJeS  is  di- 
redted,  and  in  which  by  xht  firft  Axiom  it  would  move  equal  Spaces  in  caual 
Times,  were  it  liot  defle£ked  downwards  by  the  Force  ot  Gravity.     Let  tJ  B 
be  the  Horizontal  Line,  and  6  C  a  perpehdiciilar  thereto*    Then  the  Line 
GRF,  being  divided  into  equal  Pkrts,  axifwering  to  equal  Spaces  of  Time^  let 
the  Defirents  of  the  ProjeA  be  laid  down  in  Lines  Parallel  to  G  C,  propor- 
tioned as  the  Squares  of  the  Unes^  GS,.GR,  GL,  GF,  or  as  the  Squares  of 
the  Timesy  from  S  to  T,  from  R  to  V,  from  L.to  X,  and  from  F  to  B*,  and 
draw  the  Lines  TH^  VD^  XY,  BC,  Parallel  to  G  F  :  I  fay,,  the  PoiniB 
T,  V,  X,  Bs  are  Points  in  the  Otrve  defcribed  by  the  Profe£fy.2nd  that  that  Ctcnae 
h  a  Parabola.    By  the  fecond  Axiom  they  are  Points  in  the  Curve ;  and  the  Pans 
of  theDdcentGH,  (JD,  GY,  GC,=taST,  RV,  LX,  FB,  being a» the 
Squares  of  the  Times  (by  the  fecond  Prop.)  that  is,  as  the  Sjuares  of  the  0»v 
dinates  HT,  DV,  YX,  CB^   equal  to  GS,   GR,  GL,  GF,    the  Spaces 

mealured. 
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meafbreS  in  thoflf  Timet ;  ind  there  being  no  other  Curve  but  the  Parahokr 
whofe  Parti  of  the  Diameter  are  as  the  Squares  of  th6  Ordinates^  it  follows, 
that  the  Curve  dcfcribed  by  a  ProjeS  can  be  no  other  than  a  Parabola:  And* 
laying/ as  RV^  the  Dcfcent  in  Time,  to  GR,  or  VD,  the  dircft  Modonin 
the  fame  Time ;  fo  is  VD,  to  a  third  Proportional ;  that  Third  will  be  the 
Line  called  by  all  Writers  of  Gmicks^  the  Parameter  of  the  Parabola  to  the 
Diameter. G  C  5  which  is  always  the  fame  in  ProjeEls  caft  with  the  fame  Velocity : 
and  the  Velocity  being  defined'  by  the  number  of  Feet,  moved  in  a  Second,  of 
Time,  the  Parameter  will  be  found  by  dividing,  the  Square  of  the  Velocity  by 
x6  Feet  i  Inch,  die  Fall  of  a  Body  in  the  fame  Time. 

Lemma.  [The  Sine  of  the  Double  of  any  Jircb^  is  equal  to  twice  the  Sine  of 
that  Arch  inttt  its  Co-Sine^  divided  by  Radius ;  and  the  verfed  Sine  of  the 
Double  of  any  Arcb^  is  equal  to  the  Square  of  the  Sine  thereof  divided  by 
Radius. 

Let  the  Arch  B  C  be  double  the  Arch  B  F,  and  A  the  Center ;  draw  the  ^'  '^** 
Radii  AB,  AF,  AC,  and  the  Chord  BDC,  and  let  Fall  BE,  perpen- 
dicular to  A  C ;  and  the  Angle  E  B  C,  will  be  equal  to  the  Angle  BAD,  and 
the  Triangle  B  C  E,  will  be  like  the  Triangle  A  B  D ;  wherefore  it  will  be, 
as  A  B  to  AD  ^  fo  B  C,  or  twice  B  D,  to  BE  i  that  is,  as  Radius  to  Co-SinCy 
fo  twiee  Sine  to  Sine  of  the  double  Arch  j  and  as  A  B  to  B  D,  fo  twice  B  D  or 
B  C,  to  E  C  J  that  is,  as  Radius  to  Sine^  fo  twice  that  Sine  to  the  verfid  Sine  of  the 
double  Arch :  which  two  Analogies  refblvaed  into.  Equations,  are  the  Propqfitions 
contained  iathe  Lemma  to  be  proved. 

Prop.  VI.  J  The  Horizontal  dijlance  of  Projeffions  made  with  the  fame  Vehh 
gityj  at  feverd  Elevations  of  the  Line  ofDireSion^  are  as  the  Sines  of  the  doubled 
Angles  of  Elevation. 

Let  G  B,  the  horizontal  Diftance  be  =2,  the  Sine  of  the  Angle  of  Elevad-   r^  tr** 
on>  F  G  B,  be  =  J,,  its  Co-fine  =  r,  Radius  =  r,.  and  the  Parameter  =p.    It 

will  be,  as  r  to  j,  fo  z  to — =  F  R=  G  C,  and  by  reafon  of  the  Parabolati^ 

c  c 

=:  to  die  Square  of  €  B,  or  G F.  Now  as  c  to  r,  fo  is  %  to  —  =  OF,  and 
its  Square  ^^£S1  will  be  therefore  =rto  til :  which  Equation  reduced,  will  be 

^:— ,=  z.    But  by  the  former  Lemma  Si  is  equal  to  the  Sine  of  the  double 

Angle,  whereof  s  is  the  Sine :  Wherefore  'twill  be,  as  Radius  to  J/Wof  double - 
the  Angle  FGR,  fo  \%  half  the  Parameter ^  to  the  horizontal  Ras^e  ot  Diftance 
ibught :  and  at  the  {tveval' Elevations^  the  Ranges  are  as  the  Sines  of  the  double 
Angles  of  Elevation i    Q^E.  D. 

Coroll}  Hence  it  follows.  That  half  the  Parameter  is  the  greateft  Random^, 

and  that  that  ba^jms  at  the  Ekvatim  of  45%  the  Sine  of  whofe  double  is  Radius. . 

I  Likcwift,. 
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UkewUe,  Utat  the  nan$es  tqimRf  d^mt  above  ad  lebm  45*  ari^pd,  m  mm 
the  Sines  ef  alt  douhki  Arehesy  to  the  Sines  of  their  doubled  Compkmmis, 

ft-et.  Vn.]  the  AHitudes  of  Proje^kns  made  ivitb  the  fataiVelmty,  atftwrd 
^Uvotimt  are  as  the  wrfed  Smes  */  the  doubled  Angks  of  Ekva/iui. 

Asristotf.&istiI=;GB.toi^=BP.  and  VX=:RV=iBF.   the 

Altitude  of  the  Prye3ion  sztld.    Now  by  the  foreging  Lemma  tli  =:  to  the 

4  r  r       ,  •  '* 

venfed  Sins  of  the  double  Angle ;  and  therefore  it  will  be,  as  BadtHf  to  verfed  Sine 

oTdwble  the  Angle  FGB,  fo  t  of  Parameter  to  the  height  of  the.Proje^an 

V  K  i  and  fo  thole  Heights  at  fevcral  Elevations  are  as  the  laid  ^verfed  Sines. 

• 

toroU:]  From  hence  it  is  plain.  That  tbegrealeft  Altitft^of  the  Ptrpen£cur 
lar  Pr0je£lm  is  a  j^h  of  .the  Parameter^  or  half  ibegreateft  borizomil  Range  : 
The  verfed  Sine  of  i  8q  Degrees  'being  =  2r. 

Prop.  ^1.1  The  Lines  GF^  or  Times  of  the  Flight  ofaProjeit  caft  with  the 
fame  d^ee  of  Feloeity  at  different  Elevations^  are  as  the  Situs  of  the  Ekvatinns. 

Arc  is^o  r,  fo  is  ^ilrcGB  (by  the  6  Prop.)  to  t/»GF,  that  is,  .as  in. 
rr  '  r 

dius  to  the  Sine  of  Elevation^  fo  the  Pararneter  to  the  Line  GF  5  fo  the  Lines 

G¥  arenas  the«&*»«  of  Elevation^  and  the  Times  arc  proportional  to.thofe  Lines : 

wherefore  die  Times  are  as  thfe  Sines  of  Elevations  j  therefore  the  Prq^^ion  is 

manifctt. 

Trop.  IX.  Prob.  r.]  j1  TrojeSlion  ^eing  made^  as  you  -pleafe^  bavftt^^  (be  Di- 

fiance  and  Altitude^  or  Defcertt  of  an  ObjeSy  tbro^  which  the  ProJeSt'paJfeSy  toge- 

tberwtb'the  AitgU  of  Elevation  of  the  Line  of  DireSiou ;  tojUd  the  J^arimetar 

and  Velocity  •,  that  is,  (having  the  Angle  F  G  B,  G  M,)  and  M  X. 

SohtidnJ]  As  Radius  to  Secant  of  F  GE,|fo  G  M  the  diftance  given^  to  GL  j 

rig^  17a.      and  as  Radius  to  Tangent  of  F  G  B,  fo  G  M  to  L  M.    Then  LM— M  X  in 

Heights^  or  +  M  X  in  Defcents :  or  elfe*M  X — M  L,  if  the,  DireSHon  bcieh^ 

the  Horizontal-Line^  is  the  Fall  in  the  Time  that  the  diredl  Impulfe  given  in  G, 

would  have  carried  the  Projeft  from  G  to  L=L  X=G  Y ;  then  by  reafon  of 

the  Parabola  ;  as  LX,  or  G  Y,  is  to  G  L  or  Y  X  j  fo  is  G  L,  to  the  Para- 

^iw/er  fought.    To  fiild  the  Velocity  oi  the  Impulji^  hy  Pnop.2  and4*-&!d  the 

Time  in  Seconds  that  a  Body  would /^^  the  Space  LX,  and  by  that  divfdii^ 

the  Line  G  L,  the  Quote  will  be  the  Velocity ^  or  Space  moved  in  a  Secaiid 

fought,  which  is  always  a  mean  Proportional  between  the  Parameter  ^uadx^ 

Feet,  I  Inch. 

Prop.  X.  Brob.  a  J  HmHr^  the  Parameter^  Horizontal  D^ance^  and  Heigi^ 

crDefreni  of  an  Oljeil  \  to  find  the  Ekvations  of  the  Lines  of'BireSion  neceffary 

to 


UhH  fb«gi0mf>Ui9  i  iSm  &»  hsritig  GM,  MX;  ahd  tiw  f^t^  Ksuidoa» 
ietjpaat'to  haU^  the  ranuneto- }  to  find  the  Angles  FOB. 

Let  die  Tangent  of  die  Ang}e  fou^t  be  sf,  the  horizoittAl  Di^ce 
0M^#>  the  Aititude  of  the  Objeft  MXs£r,  the  Parameter ::9:;i,  and 

Radius  stfj  and  it  will  be,  as  r  to/,  fo3toli=:M.L}  and^  !f  ^ 

f  T 

ha  3^  +  ~£.=GL«.  (47.  I.  £«f/ui)     Wherefore  ^+^^  =  ^*  + 

iilijtv^hfchEQurtkto.trai^  divided  by 

^^9  is  — =  ,  T  .*  *-**>  This  Equadon  lhew$  die  Queflion  to  have  two  An- 

iwers,  and  thi  RoodiibereGf  are  *^=sX^  y/^f^r'fl^M  j  5  from  which  I  d&- 
nve  tl^foilowi^lRide.  Divide  hal?  the  TaramUr  by  t!he  Horizontal  Dif- 
4mce^  and  kecrp  the  Quote,  vAf.  -^s  dieii  £17,  asSq[uare  of  the  TUfimce  gircti 

'    '     '  ""  V— 1  fHeightl 

ttt  half  the  Par^meiir^  fo  half  Parameter  {       V  dpubk  I  ^  to  d\e 

1+3  tDefceitf  3 

Square  of  n  Setant  s^f^^^  ,^  the  9i»g:«f/ anfweriiig  to  i!tM,SifMt  wili  be 
^;/^£Zit±£ 1,  or  r  r :  fo  dien  the  Sum  and  Difference  of  the  afore-foiwid 


^gofe  and  this  Tangeta^  will  be  l3ite  Root  of  the  Equaim^  and  the  Totems  of 
the  Ekvations  fought* 

19ott  here,  That  in  Defcents^  if  the  Tangent  exceed  the  %0/^,  as  it  docs 
when  j^  i  is  more  than  H^  the  Direfiion  of  die  lower  Elevafi&n  will  bels)elow  the 
Hvri%ou\  and  if  ]pfc=**,  it  muft  be  ^^/?ft?  Horizantaly  md  the  T^i^^w^of  the 

upper  fiS^t^o^i^iwiti  be ^:  AS?/]?  likewife,  Tbatif  ^ii+4phm  Jfcents^  Or 

4  ^* — 4P  *  in  DefcentSj  be  equal  to  /  jp,  there  is  but  one  Ekvatim  that  ^  iW/ 

the  Oi^>^  and  its  Trngtm  is  ^ ;  and  if  4  hK^j^ph  in  Afcutts^  or  4^^— 4^^ 

biDefcpifSy  do  exceed  ppy  the  Qi^>5  is  without  the  Rfo^b  oinProjeSf  c«fl: 
i^th  that  Vekcity^  and  fo  the  thing  impoJHiblc.      '  * 

From  this  Equation  ^i^+^phzzppf  are  determined  the  utmoftXimV^  of 
the  Reach  pTony  Projelt^  and  the  Kgure  affigned/, wherein  ard  all  ihk  Heights 
upon  eacHhordzgntal  Diflaace,  beyond  which  it  caniiot  pafs  \  for  by  Reduoipn 

^of  that  £i]mi0n^  *^«dll  be  found  =iip~ii  in  Beigbts^  and  ii^ii^^in  Def- 

1  €cntSi 
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tents  \  irom  wh<;nce  it  fellows,  that  all  the  Points  ^^  are  ih  die  Qcrti^  of  the 

parabola^  whofe  Focus  is  the  Point  froia  whence  the  Pro^fl  is  c^  and  whofe 
ILatns  ReSumy  or  Param^er  ad  Acem  is  =p*  Likewife  from  the  fame  E^tor 
4m  may  the  leaft  Parameter  or  Velocity  be  found  capable  to  reach  the  Ob^ 
|)ropofcds  foe  bbz=.\pp^pb  being  reduced,  i  p  will  bc^v^TT+TJ 
+b  in  jifcents   T 


4-i 


J  which  is  the  Horizontal  Range  at  45%  that  would  juft 
- 
reach  the  Oi^eil.^  and  the  Elevation  reouilite  will  be  ealily  had  \  for  dividing 
the  fo  found  Semi- Parameter  by  the  Horizontal  Difiance  ^vctiy  b^  the  Quote 
inXo.Rfidius  will  be  the  Tanj(M  of  the  Elevation  fought. 

But  tf  a  Geometricai^  Conftm^fum  of  this  Pr^^/nvi  be  remiked*  I  think  I  have 
one,  that  is  as  eafy  as  any  can  be  expe&ed,  which  I  deduce  from  the  fore- 
going  Analytical   Solution j    viz.  ^  =  -£.  4:  \/^  ^  /h'  ^'      ^  ^^  ^^ 

Is  this:    Having  made  the  right  Angle  LDA,    make  DA,  DF=^,  or 
^eatcft    Range^  DG;=zb^' the  Horizontal  Difiance^  ^  DB,   DC=::/&,  the 
.  f^.  174.      Perpendicular  Height-  of  \he  Objcd  5  and  draw  GB,  and  make  DErrthereto. 
Then   "^^Ith  the  Radius  A  C>  and   Center  E,  fweep  an  Arch,  frhich  tf  die 
thing  be  poflTible,^  will  interfeft  the  Line  AD,  inH;  and  the  lineDH, 
b?ing  laid  both  ways  froip  F;  will  give  the  Points  K,  and  L,  to  which  draw 
the  L^esG  U  GK;  1%,  the  Angles  LGD^  KGD,  arc  the  Ekvaii^ik 
required  ifor  Bitting  the  OtyeS^  B.     But  Note^  that  if  B  be  below  the  Hori- 
zon, its  Z)^//»/  PC  =  PB,  muft  be  laid  upon  A,  fo  as^to  have  A  Cm 
A  D  +  D  C.    Note  likewife,  that  if  in  Defcents^  D  H  be"  greater'  than  *  F  D, 
and  fo  K  fall  below  p,  the  Angle  KGD  ihall  be  the  Depreffion  bclo^r.rfic 
Horizon. 
«.ii6.p.«9.        Wbeni  gaye  the  precedijxg  Splution  of  this  Problem,  viz.  To  bit  anObfcS 
Uu.  An,  1695.  above  or  below  the  norizonial  Linej  with  the  great  eft  Certainty  and  Uafi  Force^  I 
was  not   aware,   thdt' the  Elevation  there  fought   did  conftantly  bijiff  the 
AMle  bfctween  the  Perpendicular  and  theObjcd,  as  is  denK)nftrated  from  the 
Difference  and  Su^n.  gt  the  Tangent  ^and  Secant  of  any  Arch,   being  always 
equal  to  the  Tangent  and. Co -Tangent  of  the  half  Cornplenient  thereof  to  a 
Quadrant.    But  ha/ving  difcover'd  thiSj  I  think  nothing  can  be  more  comperf- 
diou%  :jor  bid  fairer  to  compjeat  the  -^<  of  Ounnery^  it  being  as  eafy  to  ihoot 
with  a  Mortar  at  any  GbjeS'  on  demand,  as  if  it  were  on  the*  Level ;    neither 
is  there  need  of  any  ComfJU^a^ion,  but  osdy  fimply  laying  the  Gun  ,    to  pafs 
in  the  middle  Line  oetween  the  Zenith  and  the  Objeft,  and  giving  it  jts^  due 
"  Charge:  '  Nor  is  there  any  great  need  of  Inftruments  for  thisl  Purpcfe  :  For,  if 
the  MuzT^  of  the  Mortar  be  turned  truly  Square  to  the  Bbrie  of  me  Piece,  as 
it  Aifually  is,  pr  ought  to  be,  a  Piece  of  Looking-Glafs  Plate  applied  Parallel 
tp  the  Muzzle^  wiU,  by  its  Reflcftion,  give  the  true  Pofition  of  the"  Piece  j 
die  Bombardief' hsmng  no  more  to  do,  but  to  look  perpendicularly  down  on 
.    the  Looking-Glafs,  along  A  fmall  TKrdad  wi^  a  Plumihet,  afnd  to  raife  or  dc- 
prefs  the  Elevation  of  SitL  Piece',   till' the*  Objcd:  apwear   reflated  qq:  the 
Jwne  Point  of-  the  Speculum  on  which  the  Plummet  falls  j  for  the  Angle    of 
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hciimci  and  RefUOfBh  being  Equals  in  this  cafe  a  Line  at  Right  Angles  to 
die  Sfeiubm^  as  is  the  yixis  of  the  Cba/e  of  the  Piece,  will  iifitif  the  Angle 
between  the  Perpendicular  and  the  Qbjeft,  according  as  our  Prcpqfinon 
fequires. 

Prop.  XI,  Prob.  3.]  A  Shot  being  made  on  an  inclined  Plantj  having  the  Ho- 
fizontal  Difimceof  ibe  Ohje3  it  ftrihes^  with  the  Elevation  of  the  Piece ,  and 
the  Angle  at  the  Gun  between  the  Object  and  the  Perpendicular ;  to  find  tbegreateft 
Horizontal  Range  of  that  Piece^  laden  with  the  fame  Charge  \  that  is  y  half  the 
Latus  Reftum  of  all  the  Parabois  made  with  the  fame  Impetus. 

Take  half  the  Dtftance  of  the  Qbje&  from  the  Nadir^  and  take  the  Diffe- 
rence of  the  given  Eievadon  from  that  Half;  the  verfed  Sine  of  twice  that 
IXfierence  iubtraft  Ironei  the  verfed  Sine  of  the  Diftance  of  the  Objeft  from 
the  Zenith :  then  fhall  the  Difference  of  thofe  verfed  Sin^  be  to  the  Sine  of 
the  Diftance  of  the  Objefb  from  the  Zenith^  as  the  Horizontal  Diii:ance  of 
the  ObjeA  flruck  to  the  greateft  Horizontal  R^nge  at  45^ 

Prop.  XIL  Prob.  4.]  Having  the  gre^efi  Horizontal  Range  of  a  Gun^  the 
HmzmtM  Difianu  and  At^le  of  Inelinafum  of  an  Qbjeif  to  the  Perpendicular  \  to 
find  the  tfuop  BiemUiom  nece£ary  toftrike  that  O^eff. 

'Halve  the  Diftance  of  the  Objc(£t  from  the  Nadir ;  this  Half  is  always  equal 
to  the  Half  Sum  of  the  two  Elevations  we  feek.  Then  fay,  as  the  greateft 
Horizontal  Range,  is  to  the  Horizontal  Dtftance  of  the  Objed  ;  fo  13  the 
Sue  ^f  che  Aflgk  of  Inclination,  or  Diftmce  of  the  Object  from  the  Perpea- 
dkxilar,  to  a  4^  Proportional  &  which  4^^  being  fubtraSied  from  the  verfed 
Sine  dt  the  Diftaoce  ci  the  Objcft  fipm  the  Zfimfky  leaves  the  verfed  Sine  of 
the.  D&Sertgncerof  the  Elevations  foiu^;  whidi  £lev^tlons  are  therefore  had, 
by  adding  and  £abtraj6ting  that  halt  D^erence  to,  and  from,  the  aforefaid 
hdf&smT 

jfrop.  Xill.}  Ta  determine  the  Force  cr  Vtkcity  (/  0  PnjeQ^  in  every  Points.  17*.  ^  1%, 
nf  the  Curve  it  defcribes. 

To  do  this,  we  need  no  other  Pr^tcoffkita^  bi|t  only  the  ^hird  Propqfition^ 
9At.  fiat  the  Veloeity  of  falling  Bodies  is  double  to  thatj  nobich  in  the  fame  Time 
would  have  defiribed  the  Spafe  fallen  by  an  je^uable  Motion:  For  the  Velocity 
of  a  ProjeB  is  compounded  of  the  conibunt  equal  Velo/ity  of  the  impreffed 
MoCk>n,  and  the  Vweity  of  the  F^,  under  a  given  An^e,  viz.  ithe  Comr 
pkmenc  of  the  Elevation  c  For  ioftance.  In  the  Tixue  wherein  a  ProjcH  would  j^.  i^u 
fnove  from  G  to  L,  it  defcends  from  L  to  X,  and  by  the  third  Propcfition 
has  acquired  a  Vekcity^  which  in  that  Time  would  have  carried  it  by  an  equa-^ 
ble  Motion  from  L  to  Z,  or  twice  the  Delbent  L  X ;  and  drawing  the 
Line  G  Z,  I  fay  the  Veloeity  in  the  Point  X,  compounded  of  the  Velocities 
G  L,  and  L  Z,  under  the  Angle  G  L  Z,  is  to  the  Velocity  imprefled  in  the 
Point  G,  as  G  Z  is  CO  G  L }  this  follows  from  our  fecond  Axiom ;  and  by 
the^o/tand  ^\fiProp.  Uk  i.  Conic.  Midorgii^  XO,  Parallel  and  Equal  to 
<T  2,  ihaU  touch  the  Parabola  in  the  Point  X.  So  that  the  Velocities  in  the 
icvcrai  Points,  ace  as  the  Lengths  of  the  Tangents  to  the  Parabola  in  thofe 

Q  q  q  Pointy 


(  482  ) 

Points,  intercepted  between  any  two  Diameters  :*  and  theft  again  arc  as  the 
Secants  of  the  Angles,  which  thofe  Tangents  continued  make  with  the  Hori- 
zontal Line  G  B.  From  what  is  here  laid  down,  may  the  comparative  Force 
of  a  Shot  in  any  two  Points  of  the  Curve,  be  cither  Geometrically  or  Afkh- 
meticaily  difcovered. 

Coroll,]  From  hence  it  follows,  that  the  force  of  a  Shot  is  always  Jeaft  at 
V,  or  the  Vertex  of  the  Parabola ;  and  that  at  equal  Diftances  therefrom,  asac 
T  and  X,  G  and  B,  its  force  is  always  equal  -,  and  that  the  leaft  Force  in  V, 
is  to  that  in  G  and  B,  as  Radius  to  iht  Secant  of  the  Angle  of  Eievationy  FGB. 
The  Tenth  Propofiiion  contains  a  Problem^  untouched  by  TorricelUuSy  which 
is  of  the  greateft  ufe  in  Gunnery,  and  for  the  fake  of  which  this  Difcourfe 
was  principally  intended.  It  was  firft  foived  by  Mr.  Atderfm^  in  his  Book 
'  of  the  Genuine  Ufe  and  EffeSs  of  the  Gun^  printed  in  the  Year  1674,  but 
his  Solution  required  fo  much  Calculation,  that  it  put  me  upon  Search,  whe- 
ther it  might  not  be  done  more  eafily  -,  and  thereupon  ia.the  Year  1678^ 
I  found  out  the  Rule  I  now  publifli,  and  from  it  the  Geometrical  Conftrudi* 
on :  Since  which  time,  there  has  a  large  Treatife  of  this  Subjeft,  Intitled^* 
L*  Art  de  Jetter  les  Bombes^  been  publifhcd  in  France  by  JM,  Blondel^  where- 
in he  gives  the  Solutions  of  this  Probkmy  by  Meflieurs  Bout^  Romer^  and  de  la 
Heir :  but  none  of  them  are  the  fame  with  mine,  or  in  my  Opinion  more 
eafy. 

ii.»i6...i8.       It  was  formerljr  the  Opinion  of  thofe  concerned  in -4r/Wtoy,  that  there 
was  a  certain  requifite  oirowder  for  each  Gm,  and  that  in  Mortars  wkeie 
their  Diftance  was  to  be  varied,  it  muft  be  done  by  gi^ng  a  greater  or  leflfer 
Elevation  to  the  Piece.    But  now  our  kter  Experience  has  tau&ht  us.  That 
the  fame  thing  may  be  more  certainly  and  readily  performed,  by  increq/big 
and  diminithing  the  quantity  of  Powder^  whether  regard  be  had  to  the  Eace* 
cution  to  be  done,  or  to  the  Charge  of  doing  it.    For  when  Bombs  are  diir 
charged  with  great  Elevations  of  the  Mortar ^  they  fall  too  Perpendicular, 
and  bury  themfelyes  too  deep  in  the  ground,  to  do  all  that  Damage  they 
might,  if  they  came  more  oblique,  and  broke  upon  or  near  the  Surface  dF 
the  Earth ;  which  is  a  thing  acknowledged  by  the  hefiegtd  in  all  Tawns^  who 
uhpave  their  Streets  to  let  the  Bbmbs  bury  themfelves,  and  thereby  ftifle  the 
force  of  their  Splinters.    A  Second  Convenience  is,  that  atthe  Ejctieme  Elevati* 
m^  the  Gunner  is  not  obliged  to  be  fo  curious  in  the  Direction  of  his  PUee^ 
but  it  will  fuffice  to  be  within  a  Degree  or  two  of  the  Trudi  j  whereas  in  the 
other  method  of  Shootings  he  ought  to  be  very  curious     But  a  €bird  and  no 
Icfs  confiderable  Advantage  is,  in  thefaving  of  theJC^r^'s  Powder^  which  info 
great  and  fo  numerous  Difcbarges^  as  we  Mve  lately  feen,  muft  needs  amount 
to  a  confiderable  Value.     And  for  Sea  Mortars  it  is  fcarce  prafticahle  other«» 
wife  to  ufe  them,  where  the  Agitation  of  the  Sea  continually  chwges  the  Di- 
reStion  of  the  Mortar ^  and  would  render  the  Shot  very  uncertain, .  were  it 
not  that  they  are  placed  about  45**  Elevation^  where  fevcral  d^ees  above 
or  under  makes  very  little  difference  in  the  Effect. 

»«*  f  70.  It  only  remains,  by  good  and  valid  Experiments j  to  be  aifured  of  the  Eoru 

4>f  Gun-Powder  ^  how  to  make  and  confcrvc  it  cqud  j  and  to  know  the  Ef- 

fca 
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fcA  thereof  in  each  Piece ;  that  is,  how  far  differing  Charges  will  caft  the  (ame 
Shot  out  of  it ;  which  may  moft  conveniently  be  Engraven  on  the  out- 
fide  thereof,  as  a  ftanding  Direftion  to  all  Gunners^  who  (hall  from  thence 
forward  have  occafion  toufethat  Piece:  and  were  this  Matter  well  afcer- 
tained,  it  might  be  worth  the  while  to  make  all  Mortars  of  the  like  Diameter y 
as  near  as  may  be  alilce  in  Length  of  Chafe ^  IVeigbty  Chamber^  and  all  other 
Grcumftances. 

Now  the  foregoing  Rules  would  be  rigidly  true,  were  it  not  for  the  Oppofi-  «79  h  !»• 
Hon  of  the  Mtdium^  whereby  not  only  the  dired):  imprelTed  Motion  is  con- 
dnnally  retarded,  but  likewife  the  Increafe  of  the  Velocity  of  the  Fall,  io 
that  the  Spaces  defcribed  thereby,  are  not  exaftly  as  the  Squares  of  the 
Times:  But  what  tiiis  Oppofitim  of  the  -4fr  is,  againft  feveral  Velocities ^ 
Buiksy  and  WeigbtSy  is  not  fo  eafy  to  determine.  *Tis  certain.  That  the 
fFeigbt  of  the  Air  to  that  of  Water ^  is  nearly  as  i  to  800 ;  whence  the  fFeigbt 
thereof,  to  that  of  any  ProjeSl  is  given:  *tis  very  likely,  that  to  the  fame 
Velocity  and  Magnitude^  but  of  different  Matter,  the  Ofpofition  Ihould  be 
reciprocally  as  the  Weights  of  the  Shot  •,  as  likewife  that  to  Shot  of  the  fame 
Vekcify  and  Matter^  but  of  different  Sizesy  it  fhould  be  as  the  Diameters 
reciprocally :  Whence  generally  the  Oppojition  to  Shot  with  the  fame  Velocity ^ 
but  of  differing  Diameter^  and  Materials,  Ihould  be  as  their  Specif  ck  Cra^ 
vities  into  their  Diameters  reciprocally :  but  whether  the  Oppofition  to  differ- 
ing Velocities  of  the  lame  Shot^  be  as  the  Squares  of  thofe  Velocities y  or  as  the 
Velocities  themfelves,  or  otherwife,  is  yet  a  harder  Queftion.  However  it  be, 
^s  certain,  That  in  large  Shot  of  Metal,  whofe  Weight  many  thoufand 
times  furpa^  that  of  the  Air^  and  whofe  Force  is  very  great  in  proportion 
tothe  Sunace  wherewith  they  prefs  thereon,  this  Oppojition  is  fcarce  difcernible: 
l^ix  by  feveral  Experiments^  made  with  all  Care  and  Circumfpedion,  with  a 
Mortar-rPiecey  extraordinary  well  fixed  to  the  Earth  on  purpofe,  which  carried 
a  folid  Brafs  Shot  of  44  Inches  Diameter,  and  of  about  14  Pound  Weight, 
die  R^es  above  and  bdow  45%  were  found  nearly  equal ;  if  there  were 
any  Difference,  the  under  Ranges  went  rather  the  fartheft,  but  thofe  Diffe- 
rences were  ufually  lefe  than  the  Errors  committed  in  ordinary  Pra6Kce,  by 
the  unequal  Goodnefs  and  Drynefs  of  the  fame  fort  of  Po'tader^  by  the  Unfit- 
ncfs  of  the  Shot  to  the  Bore^  and  by  the  Loofenefs  of  the  Carriage.  In  a 
fmaller  Brafs  Shot  of  about  an  Inch  and  half  Diameter,  caft  by  a  Crofs-Bowy 
which  ranged  it  at  moft  about  400  Foot,  the  Force  being  much  more  equal 
than  the  Mortar  Piece^  this  Difference  was  found  more  curioufly^  and  con- 
ftantly,  and  moft  evidently,  the  under  Ranges  out-went  the  upper.  From 
which  Trials  I  conclude,  that  altho*  in  fmall  and  light  Shot  the  Oppojition  • 
of  the  >ffr,  ought  and  muft  be  accounted  for ;  yet  in  (hooting  of  great  and 
weighty  Bombsy  there  need  be  very  little  or  no  Allowance  made :  and  fo  thefe 
Rules  may  be  put  in  pradtiee  to  all  Intents  and  Purpofes,  as  if  this  Impedi* 
mens  were  abfolutely  removed,  yi^,  ji/«/»r*  < 

tii  Air's  Rejt' 

IX.  I.  In  order <to  compute  the  R0ance  of  the  Air  to  all  Projeffs^  I  firft-Jt^^X  ilf'ly 
premifethis  Lemma  (as  the  moft  rational  that  doth  occurs  for  my  firft  foot-. -J>^-^>^aUii.^^ 

Q^q  q  t  ing)  jtn!  Alif  *  i68?l 
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ing)  iTboi  ^fuppoTing  other  things  equal)  The  R^ance  is  a^prnitimd  to  tb§ 
CeUrity.  For  in  a  double  Celerity^  there  is  to  be  removed  (m  the  fame  time) 
twice  as  much  Air  (which  is  a  douhlelmpediment ;)  ina  treble,  thrice  as  much  % 
and  fo  in  other  Proportions. 

2.  Suppofe  we  then  the  Force  imprefled  (and  confequently  the  Celerity^ 
if  there  were  no  Refinance)  as  i ;  the  Refijimce  as  r  (which  muft  be  lefs  tfaaa 
the  Force,  or  elfe  the  E*orce  would  not  prevail  over  the  tnlpediment,  to 
create  a  Motion.)  And  therefore  the  effeftive  Force  at  a  firft  Moment^  is  to 
be  reputed  as  i-»— r;  That  is,  fo  much  as  the  Force  impreited,  is  more 
than  the  Imptdiment  or  Refinance. 

3.  Be  it  as  i—r  to  i,  fo  i  to  m  (which  m  is  therefore  greater  than  i.) 

4.  And  therefore  the  effe£tive  Force  (and  confequenuy  the  Cekri^)  as 

to  a  firft  Moment^  is  to  be  i  of  what  it  would  be,  had  there  been  ho  ife- 

m 

JifiancCk 

5.  This  i  is  alfo  Ac  remaining  Forcfe  after  fuch  firft  Moment  j  and 
this  remaining  Force  is  (for  the  fame  Reafon)  to  be  proportionably  ^tad 

as  to  a  fecond  Moihent :    That  is,  we  are  to  take  ^  thereof,   that    is« 

m 

-i-  of  the  imprefled  Force.    And  for  a  third  Moment  (at  equal  Diftance 
mm  J 

of  Time)  ■*        ;  for  a  fourth  «-^  *,  and  fo  onward  ihfimtely. 
fnwin  fif^ 

6.  Becaufe  the  Length  difpatched  (in  equal  Time$)  15  iM:o{>ortioi)d  la 
the  Celerities  •,  the  Lines  of  Motion  (anfwering  to  tliofe  equal  Times)  are 

to  be  as  -i,  -ij  — »  ~.  &?^-  of  what  they  Would  haVc  b^n  in  the  fame 
m  m*  m^   m^  ' 

Times,  had  there  been  no  Refijiance. 

7.  This  therefore  is  a  Geom^rkal  Progreffion  ;  and  (becaufe  of  m  greatgf 
than  1)  continually  decreafing, 

8.  This  decreafing  Frogreflion  infinitely  continued  (determining  in  the 
fame  Fobt  of  Reft,  where  the  Motion  is  iuppofed  to  expire)  is  yet  of  a 

finite  Magnitude,  and  equal  to     ^     of  what  it  would  have  been  in  fo 


much  time,  if  there  had  been  no  Refifiance :   As  is  d^iiionftratcd  in  my 
Atgehra^  Chap.  95.  Prof.  8.    For  (as  I  have  elfewhere  delnonftratiBd)  the 

Sum  or  Aggregate  of  a  Geometrical  Progfejfim  is      t  "^    ,    (fuK>o(ing  V 
the  greateft  Term,  A  the  leaft,  and  R  the  common  Multiplier  •,)  That  ii^ 

-— - — •- Now    in  the  prefent  Cafe   (fuppofing  the  Prog^eflioii 

R — I      R— •! 

infinitely  continued)  the  leaft  Term  A,  becomes  infinitely  fmall,  ot  ^o : 
And  confequently  15 —  doth  alfo  vanilh,  and  thereby  the  A^regate  be- 

2  comeft 
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comes  3= -—5..    That  is  (as  will  appear  by  Dividing  VR  by  R~ri> 

iv— I 

^+R+0+F"^*  ^'"^K^'   (^"PP^^^g  *^  Progrcffion  to  be- 
gin  at  V=  I.)    That  is,  (dividing  all  by  R,    that  fo  the  Progreflion 

may  begin  atg=- 0  KIir=S+^+J[F+  ^^-      "^^^  ^^*    '^^  ^" 
prefer  Cafe  (becaufc  of  V=i,  and  R=w)  -1+^+ i,   &fr.  =-i-. 

That  is  (putting  ;i=i» — i)  i,  of  what  it  would  have  been*  if  there  had 

been  no  Re/tfiance. 

g.  This  infinite  Progreffion  is  fitly  expreffed  by  an  Ordinate  in  the  Ex- 
terior Hyperbila^  paralkl  to  one  of  the  Afjmptotes  -,  and  the  feveral  Mem- 
bers of  that,  by  the  levcnd  Members  of  tnis,  cut  in  Continual  Proportion  : 
As  is  there  demonftrated  at  Prof.  ^5.  For  let  SH  be  an  B/perbola  be- 
tween the  Afymptotes^  AB,  AF:  And  let  the  Ordinate  DH  (in  the  f^.  l7^ 
Exterior  Hyperbola^  parallel  to  A  F)  reprefent  the  imprefled  Force  undi- 
minilhed  j  or  the  Line  to  be  defcribed  in  fuch  Time,  by  a  Celerity  anfwer- 

tSAt  td  fuch  Undiminilh'd  Force.     And  kt  BS  (a  like  Or/few/0  be  J 
#  n$ 

thereof ;  which  therefore,  being  lefs  than  D  H  (as  being  equal  to  a  part 

of  it)  will  be  ftirther  than  it  from  AF.     In  A  B  (which  I  put  =1,) 

let  Bd  be  fuch  a  otrt  tlie»of,   as  is  BS  of  DH.    Now  becaufe  (as 

is  well  known)  all  oe  infcribed  Purallelograms^  in  the  Exterior  Hyperbola^ 

A^    AHt    &<.    are  equ&l)    and   therefore    their    Sides    reciprocal: 

Therefore  as  Ad=i  —  L^   (fuppofing  B 1^  to  be  taken  from  B  toward 

A,>^toAB=i,  (or  as  w— I  to  « :)  foisBSss2DH  to  db^    which  is 

ill 

dierefore  equal  to  .-i-.  of  D  H }  that  is  (as  will  appear  by  Dividing  i  by 

»— >,)  to  i+-L-+Ai^f-  of  DH. 
'      j»    mm    «» 

Or  if  Bi/  be  tak«n  beyond  B;  then  as  A<^=:i+-^   to  AB=:i» 

in 

Or  io  »<f  X  to)»»,  fi>  18  i^  DH»  to   db^  which  is  therefore  equal  to 
DH }  that  Is,  (at  will  appottr  by  like  dividing  of  I  by  m  +  x  0 
^    f  J^,  eiff.ofDH. 


m    mm    m^ 
10.  ] 
divided 


10.  Let  fuch  Ordinate  dh^  or  (i^qual  to  it  in  the  AfymptoU)  A  F,  be  fo    t^.  n^ 
ivided  in  L,  M,  N,  6f  ^.  (by  Perpendiculars  cuttii^  the  Hyperbola  in  h  ^^ 
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»,  ^c.)  as  that  FL,  L  M,  MN,  be  as  i,  ^,  i-,  (^e.    That  is,  focon- 
tinually  decrcafing,  as  that  each  Antecedent  be  to  its  Confequent,  as  i  to  i 

— ,  or  as  wi  to  r. 
m 

11.  This  is  done  by  taking  AF,  AL,  AN,  6?^.  in  fuch  Proportion. 
For,  of  continual  Proportionals  the  Differences  are  aHb  continually  Propor- 
tional, and  in  the  fame  Proportion.  For  let  A,  B,  C,  D,  &f c.  be  fuch  Fro- 
portidnals,  and  their  Differences, «,  bj  r,  fc?^.  That  is,  A*-^3=tf,  B— ^=*, 
C— D=r,  €sfc. 

Then  becaufe.  A,  B,  C,  D,  &?f .  are  in  continual  Proportion ; 

That  is,  A  :  B  : :  B  :  C  : :  C  :  D  : :,  eff. 

And  dividing.  A— B  :  B  : :  B— C  :  C  : :  C— D :  D  : :,  6fr. 

That  is,  tf  :  B  ::  *  :  C  ::  //:  D  ::,  fcfr. 

And  Alternately  j  a.bx.  6fr. : :  B.  C.  D.  &?r.  : :  A.  B.  C.  6?^. 

That  is,  In  Continual  Proportion,  as  A  to  B,  or  as  f»  to  i. 

12.  This  being  done  5   the  Hyperbolict  Spaas  F/,  L»,   M»,  (^c.    are 

2ual,  as  is  demonftrated  by  Gregory  San-Vincent  5  and  as  fuch  is  commonly 
mitted. 

13.  So  that  F/,  Lf»,  Mir,  &c.  m^y  fitiy  reprefent  equal  Times  in 
which  are  difpatchcd  unequal  Lengths,  reprefentcd  by  F  L,*L  M,  M  Ni 

14.  And  becaufe  they  are  in  Number  infinite,  (tho'  equal  to  a  finite 
Magnitude)  the  Duration  is  infinite  ;  and  confequendy  the  imprefled  Force, 
and  Motion  thence  arifing,  never  to  be  wholly  extinguifhed  (without  fome 
further  Impediment)  but  perpetually  approaching  to  A,  in  the  Nature  of 

15.  The  Spaces  F/,  F«,  F»,  fc?c.  are  therefore  as  Logarithms  (in 
Arithmetical  Progrejfim  increaling )  anfwering  to  the  Lines,  A  F,  A  L, 
A  M,  Gf  r.  or  to  F  L,  L  M,  M  N,  iSc.  m  Geometrical  Progrejfim  de- 
creafing. 

16.  Becaufe  FL,  LM,  MN,  6f^.  areas  ~,  -i-,  i-,  6fr.    infinitely 

m  mm  m* 

terminated  at  A ;  therefore  (byPr^.  8.)  their  Aggregate  FA,  or  dh\  is 
to  DH,  (fo  much  Length  as  would  have  been  difpatched  in  the  fame  Tinaey 
by  fuch  impreffed  Force  undiminiftied)  as  i  to  m — 1=». 

17.  If  therefore  we  take,  as  i  to  n,  fo  AF  to  DH ;  this  will  reprefent 
the  Length  to  be  difpatched,  in  the  iame  Time,  by  fuch  undimmiihed 
Force. 

1 8.  And  if  fuch  D  H  be  fuppofed  to  be  divided  into  equal  Parts  Jnnume- 
rable  (and  therefore  infinitely  fmall  \)  thefe  anfwer  to  thofe  (as  many)  Parts 
unequal  in  FA,  ov  hd. 

19.  But,  what  is  the  Proportion  of  r  to  i,  or  (which  depends  on  it^  of 
l—r  to  I,  or  I  to  m ;  remains  to  be  enquired  by  Experiment, 

%  20.  ff 
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Jto«.  If  tbePrdgreffion  be  not  infinitely  continued*^  but  endCfup^ofe) 

at  N,  and  its  leaft  Term  be  A=M  N  :  Then  out  of  ^JL.+i+ J.= 

K — I    m    mm 
T  A 

^  +  fcff.  is  to  be  fubduftedp       ,  (as  at  Prop.  8.)  that  is,  (as  by  Divifi- 

on  vrill  appear)  ^+4i+^+  ^^-    That  is,  (in  our  prefeftt  Cafe)  i+  ^ 
K     K      K'  m    mm 

+^+  (dt.    And  fo  the  Aggregate  wiU  be  i~f+i=f+i^f+  Cs?f.  = 
f9v  .  ,  .  <w       mm>      m* 

i — a 
m    ' 

And  thus  as  to  the  Line  of  ProjeSion^  in  which  (fecluding  the  Rtfijling) 
die  Motion  is  reputed  uniform ;  difpatching  equal  Lengths  at  equal 
Times.    Confidcr  we  next  the  Line  of  Defcent. 

21.  In  the  Defcent  of  Heavy  Bodies*  itisfuppofcd,  that  to  each  Moment 
of.  Tlm^i  there  is  fuperadded  a  new  Impulfe  ox  Gravity  to  what  was  before : 
And  eachof  thefe,  fecluding  the  Confideration  of  the  Air*sReJifiance^  to  pro- 
ceed equally  (from  their  feveral  beginnings)  thro*  the  fucceeding  Moments.  \    j 
As,  (in  the  Erefl;  Lines)  1 1 1 1 6f  r.  II 1 6?^.  1 1  tf  r.  I.  &V,  and  fo  continually,  i    i    i 

as  in  the  Line  of  Projection.  ^^^  J^^  ^  ^^ 

22.  Hence  arifeth(in  the  Tranfverfe  Lines)  for  the  firft  Moment  i,  for    * 
thcfecond  i ,+  i,  for  the  third  i  -{-  i  +  i»  and  fo  forth,  in  Arithmetical 
Pregreffim.    As  are  the.  Ordinates  in  a  Triangle  at  equal  Diftance. 

2^.  And  fuch  are  the  continual  Increments  of  the  Diameter,  or  of  the 
Ordinates  in  the  Exterior  Parabola^  anfwering  to  the  interior  Ordinatesy  or 
Segments  of  the  Tangent^  equally  increafing  ;  as  is  known,  and  commonly 
admitted. 

24.  If  we  take  in  the  Confideration  of  the  Air^s  Refifiance  \  we  are  then 
for  each  of  thefe  equal  Progreffions,  to  fubftitutc  a  decreafing  Progreffion 
Geometrical ;  in  like  manner  (and  for  the  fame  Reafons)  as  in  the  Line  of 
Pjojedion. 

2<.  Hence  arifeth  for  the  firft  Moment  — ;  for  the  fecond  — \r  -r ;  for  — 
^  m  m     nt  ^  ^ 

I    t 


the  third  — j— J4-.^ ;  6?r.    And  fuch  is  therefore  the  Defcent  of  a  heavy  »*  "  ^ 

Body  falling  by  its  own  Weight.    The  feveral"  impulfes  of  Gravity  being  7^ ,    ,*"  , 
fuppofed  equal.  TH^m^m^m 

26.  That  is,  asFL,  FM,FN,  &fr.  in  the  Line  of  Defeat,  anfwering  ^ijj^-^-^^- 
to  FL,LM,  MN,  fcff.  in  the  Unc  of  Proje<aion.  .  •^'  ^  * 

27.  But  the*  the  Progreffions  for  the  Line  of  Prqjedion,  are  Gke  to  each 
of  thofe  many  in  the  Line  of  Defcent :  It  is  not  to  be  thence  inferred, 

that  therefore  —  in  the  one  is  equal  to  ~  in  the  other  :  But  in  the  Line 
m  ^  m 

of 
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lof  Vr6}t€&m  (fuppofe)  Lf^  (dich  a  put  of  the  Foite  Smprdftd,  and  a 

Celerity  anfweraMe :)  in  the  J^ine  of  Defcent  -L^,  (fuch  a  part  of  theim- 

fn 

pulfe  of  Gravity.) 

28.  Thofe  for  the  Line  of  Defcent  (of  the  fame  Body)  are  all  equal  eacfi 
to  ether :  Becaufe^,  (the  new  Impulle  of  Gravity)  in  ench  Montqgn  as  fup* 
pofed  to  be  the  fame. 

2g,  But  what  is  the  Proportion  of  f  tog  (that  i$,  qf  the  Force  knpnf' 
fed,  to  the  Impulfe  of  Gravity,  in  each  Body)  xemains  to  be  enquired  by 
Experiment. 

30.  This  Proportion  being  found  as  to  one  known  Force  ;  the  fame  is 
thence  known  as  to  any  other  Force  (whofe  Proportion  to  this  is  given)  in 
the  fame  ufiiform  Me^am. 

31.  And  this  being  known  as  to  one  Medium^  the  fame  is  thence  known 
as  to  any  other  Medium^  the  Proportion  ci  whofe  Reiiftattce  tx>  that  iH  Ak 
is  known. 

32.  If  a  heavy  Body  be  projefbed  downward  in  a  Perpendicular  line,  k 

defcends  therefore  at  the  rate—,  ij,  ~,  ^c.  of / (the  impreflcd  Force) 

ff^      fH     1H 

increafe  by  ^,  i+X,  -1-1—+-,  (^c.  of^,  the  Impujfe  of  Gravity:  (^ 

Prop.  5.  and  P.  25.)  becaufc  both  Forces  are  here  unjted. 

33.  If  in  a  perpendicular  Projeflion  upwards ;  it  afcends  In  the  Rate  of 
the  former,  abated  by  diat  of  the  latter*  Becaufe  here  the  Impuife  ef  Gra- 
vity is  Contrary  to  the  Force  iraprefled. 

34.  When  therefore  this  latter  (continually  increafing)  becomes  equal  tp 
that  former  (continuailv  deerealing)  it  then  ceafetfa  to  afcend ;  ^  dodi 
thenceforth  defcend  at  the  rate  wherein  the  latter  continually  exceeds  the 
former. 

35.  In  an  Horizon  or  oblique  Projefltion:    If  to  a  Tangent,  whofe 

Increments  are  as  F  L,  L  M,  M  N,  &ff.  that  is,  as  J^/,  6?A  \»  Bw^ 
'Otdinates  {at  a  given  Ang^e)  whofe  Inci^meiiti  are  as  F  L,  F  M,  F  N,  £^c^ 

that  is,  as  ^g^  ^c.     The  Curve  anfwering  to  the  Compound  odf  tbcfc 

Motions,  IS  that  wherein  the  Projeft  is  to  move. 

36.  This  Curve  (being  hitherto  without  a  Name)  may  be  called  Lima 
Projeciorum^  the  Line  of  Prqjefts,  or  things  proje&ed  j  vdiich  refembles  a 
Parabola  deformed. 

37.  T\it  Celerity  and  Tendency^  as  to  each  Point  of  the  Lone,  is  deter- 
mined by  a  Tangent  at  that  Point. 

38.  And  that  againft  which  it  makes  the  greateft  Stroak  or  Percuffion,  is 
that  which  (at  that  pooit)  h  at  right  An^es  to  that  Tangent. 

39.  If  the  Projedtion  {ztpag.  25.)  be  not  infinitely  continued,   but  ter- 

minate 
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fnihatti  (fuppofe)  at  N,  fo  that  tke  h&  Term  in  tht  grft  Column  or  Seties; 
ereft,  be  tf ;  and  conftquently  in  the  fecond,  f»^  ;  in  the  third  mma^  (ffc 
(each  Series  having  one  Term  fewer  than  that  before  it :)  then  (for  the 
lame  Reafons  as  at  P.  20.)  the  ^gregaies  of  the  feveral  Columns  (or  ere£b^ 

Series)  will  be  i=^  i=^,  1=2^,  and  fo  forth,  till  (the  Multiple  of 

H  ft  ft 

a  becoming  =1,)  the  Progreflion  expire. 

40.  Now  all  the  Abatements  here,  a^ma^mma^  &?r.  are  the  fame  with, 
the  Terms  of  the  firft  Column  taken  backward.  For  a  is  the  laft,  ma  the 
next  before  it ;  and  fo  of  the  refl. 

41.  And  the  Aggregate  of  all  the  Num^ators  is  fo  many  times  i,'  as  is 
the  Number  of  Terms  (fuppofe  /)  wanting  the  firft  Column ;  tliat  is,  I — 

or -H--  and  this  again  divided  by  the  common  Denominator  »» 

ft  ft        ' 

becomes  iLlIlLX? .    And  therefore,  ^      '"^  f ,  is  the  Line  of  Defcent  by 
fift     ,  nft 

its  own  Gravity. 

42..  If  therefore  this  be  added  to  a  projefting  Force  downward  in  a  Per- 
pendicular, or  fubdufted  from  fuchi  projeding  Force  upward  -,  that  is,  to 

or  from  IZT^f:  The  Defcent  in  the  firfl  Cafe,  wiU  bei=:f/+^^~^+V, 
ft  '  ,  ft  ftft 

and  the  Afcent  in  the  other  Cafe  ill^/i— — II^ii^F.    And  in  this  latter 

»  ftft 

Cafe,  when  the  Ablative  part  becomes  equal  to  the  Pofitiye  part,  the  Af- 
cent is  at  the  higheft :  And  thenceforth  (the  Ablative  part  exceeding  the 
Pofitive)  it  will  defccnd. 

•    43.  In  an  Horizontal  or  Oblique  Projedlion,  having  taken  i^^/,  in  the 

ft 

Line  of  Projection,  and  thence  (at  the  Angle  given)  »       ^'^^g^  in  the 

ftft 

Line  of  Defcent ;  the  Point  in  the  Curve  anfyirering  to  thefe,  is  the  place 

of  the  Projeft  anfwering  to  that  Moment. 

44-  I  am  aware  of  fame  Objedicxos  to  be  made,  whether  to  fome  Points 
of  the  Procefs,  or  to  iomc  of  thcSuppofitions.  Byt  I  faw  not  well  how  to 
Avave  it,  without  making  the  Computation  much  more  perplexed.  And  in 
a  manner  fo  nice,  and  which  muft  depend  upon  phyfical  Obfervations,  *twiU 
'Jbc  hard  to  attain  fuch  Accuracy,  as  not  to  fland  in  need  of  fuch  .Allow- 
ances* 

.  45.  Somewhat  might  have  been  further  added,  to  dired  the  Experiments 
.fijggcfled  at  P.  19.  and  29.  But  that  may  be  done  at  leifure,  after  Deli- 
beration had,  which  way  to  attempt  the  Expetimeftt. 

46  The  like  is  to  be  faid  of  the  diflferent  Refiftance  which  different  Bo- 
.dics  may  meet  with  in  the  fame  Mediutn^  according  to  their  different  Gravi- 
ties, (extcnfively  or  intcnfivcly  confidered;  and  their  different  Figures  and 

Vol.  I.  Rrr  Pofi- 
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PoBtions  ih  Motion :  Vfhereof  iutheito  itc  bavtt^kttim  teooiinti  tM 
fuppofed  th^m,  as  toallthefet  to  be  alike  and  equal. 
i^i.  '»?«>  »77.  47.  The  Computation  (in  P.  39,  40,  41)  may*  if  that.beaBb  defired,  be 
thus  reprefeifi^  by  Lints  and Spaceft.  The  Ablatires*  a^M  a^mma^  &^v 
(being  the  fame  with  thefirft  Column  taken  backward)  are  fitly  rtprdfented 
by  the  Segments  of  N  F,  (beginning  at  N)  and  therefbit  ^y  Paralfelograms 
on  thefe  B^es,  affuming  the  common  height  rfF  A,  of  N  Q^i  the  Agg^-; 
gate  of  which  is  Hb^  or  F  Q^  and  fo  many  times  1,  by  fo  many  equal 
Spaces,  on  the  fame  Safes,  between  thq  fame  Parallels  lermiiiated  at  the  £$r* 
ferbok ;  the  Aggregate  of  which  is  it  F  N  Qn.  From  whence  if  we  fubdii^ 
the  Ag^TCgate  of  Ablatives  FQj  the  temaining  Trilinear  A  Qjr,  repre* 
fcnts  the  Defcent. 

48.  If  to  this  of  Gravity,  be  joined  a  trojefting  Force  ;  which  is  to  the 
impulfe  of  Gravity,  as  i&K  to  i^F,  (be  it  greater,  lefs  or  equal)  taken  iti 
the  fame  Line  ;  the  fame  Parallels  determine  proportional  ParaUelograms^ 
whofe  Aggregate  is  K  Q;^ 

'  49.  And  therefore,  if  this  be  a  Perpendicular  Projefting  downwards  s  then 
bin  km  (the  Sum  of  this  with  the  former)  leprcfents  the  Defcent. 

5a  If.  it  be  a  Perpendicular  upwards  5  then  the  difference  of  thefe  two 
reprefents  the  Motion,  which,  (b  long  as  K  QJs  the  greater,  is  Afcendant ; 
but  Defcendant,  when  h  Qjt  becomes  greater  ^  and  it  is  then  at  the  iug^eft 
when  they  be  equal. 

51.  If  the  Prc^fticm  be  not  in  the  lame  Perpendicn&e',  (but  HomaotiOil 
or  Oblique)  then  K  Q  reprefents  the  Tangent  of  the  Curve  5  and  b  Qn, 
the  Ordinates  to  that  Tangfcnt,  at  the  given  Angle. 

52.  But  the  Computation  before  given,  I  take  to  be  of  better  ufe  than 
this  Reprefentation  in  Figure.  Becaufe  in  fuch  methamedcal  Enquiries,  I 
chufe  td  feparate  (as  mUch  as  may  be)  what  purely  concerns  Proportions  v 
and  confider  it  abftra£Uy  from  Lines  or  other  matter  wherewith  it  is  incum* 
bred. 

As  to  the  Queftioii  propofed ;  Whether  the  rcfiflance  of  the  Medium  docs  • 
fiot  always  take  off  fuch  a  propcHtiohal  part  of  the  Force,  movingthro*  it, 
as  is  the  Specifick  Gravity  of  the  Medium  to  that  of  the  Body  moved  in  it 
(for  if  {0^  it  V9i\l  JfaVe  us  the  tinubie  of  Obfervation ;)  I  dunk  this  cao  by 
'  no  means  be  admitted ;  for  there  be  many  other  things  of  ConfidentioB 
herein,  befide  the  intenfive  Gravity  (or,  as  fome  call  it»  the  Speeifid^ 
Gravity)  of  the  Medium. 

A  vifcous  Me^tm  (hall  more  lefift  than  one  more  fluid,  tho'  of  like 
intenfive  Gravity. 

And  a  fharp  Arrow  Ihali  bore  its  iray  more  eafily  thro*  list  Medium 
than  a  bhint-headed  Bolt,  tho*  of  equal  Weight  and  like  intenfive  Grnvkf. 

And  the  fame  Pyranrid  niriththe  Point,  than  with  the  Bafe  forward. 

And  many  odief  13c^  Varieties  intended  in  my  P.  j^S. 

And  thi^  I  think  hiay  be  admitted,  namely^  that  differtnt  Mediums, 
^liaUy  liquid,  (and  otjier -Qrcumftances  alike^  do  in  iucfa  Proportion  refift, 
as  is  their  intenfive  Gravity.    Becaufe  there  is,  in  fuch  proportion,  u  hea- 
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vkr  Objeft  to  be  removedt  by  the  fiune  Force ;  which  Is  one  of  the  things 
to  which  P.  31.  refers. 

And  again :  the  heavier  Projedt  once  in  motion,  (being  equally  fwift, 
and  all  other  Qrcumftances  alike)  moves  thro'  the  fame  Medium  in  fuch 
Proportion  more  ftrongly,  as  is  its  mtenfive  Gravity :  for  now  the  Force  is 
in  fuch  Proportion  greater,  for  the  Removal  of  the  fame  Refiftance.  And  this 
is  part  of  what  my  P.  30  infinuates. 

But  where  there  is  a  Complication  of  thefe  Confiderations  one  with  ano- 
ther, and  with  many  other  Circumftances,  whereof  each  is  feverally  to  be 
confidered ;  there  muft  be  refpeA  had  to  all  of  fiiem« 

•    X.  1.  To  know  how  far  a  Gunjhoots  Point  Blanks  (as  tb^  call  it)  that  ^^^fi^^^l^j^^^ 
near  the  Level  of  tie  Cylinder  of  the  Piece ^  that  the  Difference  is  either  not  dif  p^nt  -bu^ 
cerniUe^  or  non  corifiderable.  ck^'Jpfw^ 

On  a  fit  Platform^  place  and  point  the  Gun  at  a  Mark  as  lai^e  as  the  Bui-  dtn^Li  btfi 
let,  fome  50,  60,  or  more  Yards  diftant,  fo  as  the  undcrfide  of  the  ^^^f^^^^'sh 
may  be  in  the  fame  Level  or  Lme  with  the  underfide  of  the  Cylinder  of  the  Rob.  Moray. 
Piece.    Then  between  the  Gun  and  the  Mark  at  convenient  Diftances,  place  J^^'^P^^JIVy, 
pieces  of  Canvas,  Sheets  of  Paper  pafted  together,  or  the  like,  ujport  ftakes 
fix'd  in  the  ground ;  fo  as  the  underfide,  bcine  level  with  the  Horizon,  may 
juft  touch  the  vifual  Line,  that  pafTcth  from  the  Eye  to  the  upperfidc  of  the 
Mark,  when  the  Eye  is  placed  in  the  Line  that  paffeth  from  it  to  the  upper- 
fide  of  the  Qlinder  of  the  Gun ;  the  Canvas  being  fo  broad  and  long,  that  if 
the  Bullet  pjJTs  thro*  it  2  or  3  Foot  higher  than  the  Level  of  the  Mark,  or 
of  either  hand,  the  Hole  it  makes  may  make  it  known,  how  much  it  flieth 
higher  than  the  Level  of  that  Place.  It  the  Bullet  falls  lower  than  the  Mark, 
and  touch  not  the  Canvas,  the  Gun  may  be  the  next  time«raifed  a  little,  ^d 
fo  on,  till  the  Bullet  hit  the  M^k^  or  as  high  as  it.    If  it  fall  as  high  as  the 
Mark  and  cut  the  Canvas,  the  Mark  and  Canvas  may  be  brought  nearer  the 
Gun :  But  if  it  fall  as  high  as  the  Mark  and  do  not  cut  the  Canvas,  th|e 
Mark  may  be  removed  to  greater  and  greater  Diftances. 

If  this  way  of  Experiment  be  made  for  further  Diflances  and  R^n»  of  the 
Piece^  as  high  as  conveniently  may  be  above  the  Level,  and  the  Diftances 
meafured,  and  then  all  Randoms  above  thefe  likewife  tried  and  meafured ; 
the  Diftance  of  an  Objed,  to  be  (hot  at,  being  known>  and  other  neceilary 
Cautions,  beneath  to  be  mentioned,  carefully  obferved  y  good  Gunners  may 
with  great  Confidence  undertake  to  hit  the  JMark,  be  the  Diftance  y(lM  it 
will.  To  it  exceed  not  the  reach  of  the  Gun. 

2.  To  know  what  Quantity  of  Powder  is  tbejufi  Charge  (ff  any  Piece^fo  as  it 
maketh  the  fart  heft  Shotj  and  Fires  totally. 

I.  Raiie  the  Gun  to  a  mean  Random^  as  of  20%  or  25%  and  ihoot  with 
the  ordinary  Charge  of  Powder^  in  fome  convenient  Ground  where  the  Fall 
of  the  Bullet  may  be  ealily  feen,  and  having  made  a  Shot,  meafure  the  Dif- 
tances with  a  Chain  between  the  Hole  made  by  the  Bullet  and  the  Muzzk 
of  the  Gun. 

• 

R  r  r  2  1.  Then 
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2.  Then  inftcad  of  a  full  Charge  of  Powdet  ufed  In  the  firft  Shot,  take  tV 
part  lefc,  or  fomc  fuch  Proportion,  for  the  next  Trial,  doing  all  things  cUc 
as  before. 

3.  For  a  third,  fourth,  or  more  Trials,  diminifh  ftill  the  ^ntity  of 
Powder^  by  ►,  V  at  a  Time,  till  the  Shot  be  confiderably  fhorter  than  at  firft.  ' 

4.  Then  take  tV  more  than  the  firft  Q>arge^  and  do  all  things  elfc  as  be- 
fore, and  fo  contmue  more  Trials,  increafing  ftill  the  ^uantuy  of  Powder 
in  the  fame  Proportion  every  new  Trial,  till  you  find  the  Increafe  of  the 
Charge  does  not  make  thtj^iece  fhoot  further :  Only  over-charge  not  fo  far 
as  to  endanger  the  Gun. 

5.  Three  or  more  Shot  are  to  be  made  with  every  different  Charge^  and  at 
every  feveral  Trial,  that  the  Certainty  may  the  better  appear. 

6.  The  firft  Shot  being  meafured  and  marked,  the  reft  may  all  be  mea- 
fured  from  it,  or  from  one  another,  to  fave  Labour. 

7.  The  Gun  is  to  be  pointed,  placed  and  ordered,  every  time  in  one  and 
the  fame  Place  and  Pofition,  aiming  ftill  at  the  fame  Mark,  or  Pointing 
ftill  at  the  fame  Line  or  Azimuth ;  that  fo  all  the  Shot  may  fall  in  the  fame 
Line  as  near  as  is  pofiible. 

8.  The  Powder  (which  ought  to  be  all  of  the  fame  Goodnefs)  muft  be  ex- 
afUy  weighed  every  time  the  Piece  is  Charged^  left  it  having  been  weighed 
long  before,  the  Weight  may  be  altered  \  tho*  Experiment  may  be  made 
with  Cartridges  and  without. 

9.  The  Powder  and  BuUet  is  to  be  Rammedhomty  equally  at  every  Shot ; 
tho%  the  loofcr  the  Powder  lie,  it  fire  the  better. 

ID.  When  the  right  Charge  of  a  Piece  is  found,  that  makes  the  farthfi 
Shot  in  the  ordinary  and  plain  way  of  Charging^  M.  de  Sons^s  Contrivance  of 
a  Wedge  may  be  tried,  to  make  it  (hoot  farther  •,  which  is  a  piece  of  Board, 
fo  long,  as  being  thruft  home  to  the  Breech  of  the  Piece  at  one  End,  the  o^ 
ther  may  reach  farther  out  than  the  Outfide  of  the  Bullet  being  Rammed  up 
to  its  place ;  broad  about  an  Inch,  and  thin  fo  far  as  the  H^add  before  the 
Bullet  reaches  on  the  outfide  5  there  it  is  to  have  a  Shoulder,  from  which  for- 
ward to  the  end,  it  is  to  be  cut  a-flope,  like  a  Wedge^  being  of  fuch  thick- 
nefs,  as  that  at  the  Place,  where  the  Center  of  the  Bullet  is  to  be,  it  may 
make  it  ftick  fo  faft,  that  the  Powder  finding  more  Refiftance,  may  at 
length  drive  it  out  with  the  greater  Violence. 

11.  Another  of  this  Nature  is  a  Wooden  Tampion j  like  a  piece  of  a  Cylinr 
der,  big  enough  to  fill  the  hollow  Cylinder  of  the  Gun^  the  length  fomewhat 
more  than  the  Diameter  of  it,  and  hoIlow*d  towards  the  Bullet^  fo  as  to  fit 
it ;  and  either  flat  or  (which  is  better)  hollow  likewife  towards  the  Powder^ 
and  fcrving  inftead  of  Wadd.  Thefe,  and  fuch  others,  will  probably  ren- 
der the  Effisft  of  the  Powder  greater,  than  otherwiffe  it  would  be :  But  care 
muft1)e  had  that  they  do  not  endanger  the  Piece. 

12.  The  Strength  of  the  Powder  muft  be  examin*d  by  a  Powder  Trier ^ 
that  raifeth  a  Weight,  fuch  an  one  as  hath  been  contrived  by  Mr.  Hook. 

1 3.  The  fame  Bullet  is  to  be  made  ufc  of,  if  it  can  be  had,  till  the  Figure 

of 
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of  it  be  marred ;  otherwife  another  as  near  of  the  faime  Size^  Sbax)e  and 
Weight,  as  is  poflible. 

14.  Obferve  the  Strength  and  Pofition  of  the  Wind^  and  at  what  Azimuth 
the  Mark  ftands  from  the  Gun  at  every  time  of  Shooting :  And  take  pre- 
cife  notice  what  cfFedl  it  hath  upon  the  BuUei  in  carrying  it  further,  in 
hindring,  or  turning  it  afide. 

15.  Note  the  Figure,  Dimenfions,  and  Weight  of  the  Gun,  Carriage^  and 
Wheels ;  and  record  every  thing  exadly  in  a  Book,  as  alfo  every  Accident 
and  Obfervation. 

16.  After  all  other  Experiments  are  made,  every  Piece  may  be  tried  with 
the  right  Charge  of  Powder^  laying  every  time  more  and  more  Weight  up- 
on the  Carriage  \  and  at  laft  fixing  the  Gun^  fo  as  it  may  not  Recoil  zt  all, 
obferving  every  Time  how  far  the  BuUet  goes,  and  how  much  lels  Powder 
than  the  full  Charge  will  ferve  to  Ihoot  the  BuUet^  when  the  Piece  is  Fixt, 
as  far  as  the  whole  Charge  does,  when  it  Recoils  freely. 

17*  The  Right  Obarge  found,  the  beft  Random  is  to  be  fought,  by  trymg 
all  Randoms,  by  Degrees  at  a  time. 
3.  1^0  know  what  Gun  Jboots  fartbeft. 

1.  A  Gun  to  be  prepared  of  Cuherine-Bore  (as  being  held  the  beft  for 
Ihootii^  far)  but  much  longer  (double  the  ordinary  Length  may  do  well) 
and  without  any  Ring  about  the  Muzzle^  is  to  be  placed  as  in  the  former 
Experiments  J  and  charged  with  the  Ordinary  Charge  of  a  CulverinCj  or  rather 
with  that  Quantity,  which  by  the  former  Experiments  {hall  be  found  the  beft  ; 
and  being  fhot,  the  Fall  of  the  Bullet  is  to  be  mark'd^  and  Diftance  meafured. 

2.  Then  try  lefs,  and  more  Powder  in  her,  as  before. 

3.  Then  cut  off  two  Inches  of  the  Muzsde  with  a  Saw,  and  place  the 
Pieces  fo  cut  off  in  the  Carriage^  or  their  Weight  of  Lead  in  a  convenient 
Figure,  that  thei^^r(?/7mayftillbethefame:  and  try  as  before,  doing  every 
thing  in  the  fame  manner  :  and  fo  cut  off  ftill  for  new  Trials,  till  the  Shot 
begin  to  fall  (horter  than  before. 

4.  The  fame  may  be  done  with  Guns  of  different  Bores. 

2.  Mar.  18.  165T.    At  200  Yards  diftance  from  the  Platform  for  great  ^'JJ^^ 
Ordinance  at  Woolwich^  there  were  raifed  three  Butts^  one  behind  another :  rfGnmt  Oma 
The  fpace  between  the  firft  and  fccond  Butt  was  14  Yards;  between  theJ^^'j.J"^ 
iecond  and  the  third,  eight.    The  thicknefs  of  each  Butt  was  19  Inches, 
whereof  13  was  of  Beams  oi  Mafley  oak  faftened  into  the  Ground,  |nd  fet 
fo  clofe  that  they  touched  each  other :  On  each  fide  were  Planks  of  Oak,  3 
Inches  a-piecein  Thicknefs*  and  thefe  were  joined  clofe,  and  faftened  on  both 
Sides  with  Iron  bolts,  and  ftrong  Pins  of  Wood  ;  and  on  the  Back,  at  the 
£nds,  and  on  the  Middle  there  were  3  Braces  of  Elm,  a  Foot  in  Breadth> 
and  5  Inches  in  Thicknefs. 

The  firft  Experiment  was  with  an  Iron  Demy-Cannan^  having  z  Cylinder  Bore 
of  3500  Hi.  Weighty  the  Bullet  32  HL  of  Iron,  the  Powder  10  lib.  which 
pierced  thro'  the  two  firft  Butts^  and  ftuck  in  the  thirds  fo  as  the  Bali 
was  aknoft  quite  within,  but  the  Timber  not  ftiivered  (fmall)  nor  icarce 

fpik» 
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ipilt*  The  Butts  bdng  touched  by  me,  felt  not  wann ;  the  like  EHeeutkm 
was  done  when  it  was  charged  with  9  lib,  as  aUb  when  with  8  Ui.  of 
powder. 

The  fecond  Experiment  was  with  an  Iron  T^ay-Cannm^  haying  a  Taper 
Bore  and  being  3600  tib.  in  Weighty  and  4  Inches  longer  than  the  former ;  the 
Iron  Bullet  32  lib.  and  the  Powder  y^  Hb.  which  in  three  Trials  Teemed  to 
have  the  fame  Force  with  thefirft.  One  of  the  Shots  piercing  thro*  the  fe- 
•  SrjM.  cond  Butt^  and  lighcing  near  the  Edee  of  the  middle  *  Butt  of  Elm,  tore 
it,  but  by  the  yielding  of  it,  the  Bum  glanced  afide  off  the  third  Butt^  and 
entered  into  the  Earth. 

The  third  Experiment  was  with  a  whole  Cuherine  in  Brafs^  of  5  joo  ^. 
in  H^eigbty  1 1  Foot  i  Inch  in  Lengthy  with  a  Taper  Bore :  the  Iron  Bullet  was 
18  lib.  in  fTeigbt ;  the  Powder  in  the  firft  Trial  10  lib.  in  the  fccond  9  lib. 
in  the  third  8  lib.  which  laft  Proportion  did  the  beft  Execution ^  and  pailed 
thro*  .the  two  firft  Butts^  entering  gently  into  the  Third,  which  the  tormar 
two  did  touch,  but  not  enter. 

The  fourth  Experiment  was  with  a  whole  Cuherine  in  Brafs^  made  at 
Amfterdam  for  the  French^  with  this  Mark,  3580,  being  10  Foot  long,  and 
not  very  thick  in  the  Breech  ;  the  firft  Shot  with  9  lib.  of  Powder^  18  lib.  of 
BuOet'lrony  paft  thro*  the  three  Butt^  a$id  entered  one  Foot  into  the  Ground  \ 
-  it  pafled  by  tiie  Joints  of  the  Timber,  two  Planks  having  been  beat  down 
before.  The  fecond  Shot  with  8.  lib.  Powder^  paffed  thro*  two  ButU  and 
^r£i2^i  between  them.  The  thiid  with  8  Ub.  paft  two  Butts^  and  7  Inches 
into  the  tikird  ;  but  the  firft  Butt  was  much  battered  before,  where  it  entered. 

The  fourth  Shot  pafled,  with  8  lib.  of  Powder^  two  Butts^  and  in  both 
Butts  thro'  the  midtt:  of  a  Mafiey  ftroi^  Beam  (below)  that  had  not  been 
battered. 

The  Fifth  Experiment  was  with  an  Iran  Demff-Cuherine^  having  9  £i. 
Bullet  in  Iron^  and  4  lib.  Powder  \  tlus  paft  one  Butt  (which  was  com  be- 
fore) and  entered  the  fccond. 

This  t  Cuherine  was  fliot  8  Times,  as  &ft  as  they  couU  charge  it  with 
Powder^  and  the  Iron-Bullet^  and  yet  was  but  fcarce  lukewarm  at  the  Breecby 
alittle  more  in  the  midft,  moft  at  the  Muzzle^  and  this  laft  fcarce  fo  hoc  as 
my  Hand  \  and  yet  the  Gunners  in  charging  her,  wet  not  at  ail  the  Stoops  or 
Spunge. 

The  ^xth  Exporiment  was  with  a  Brafs  Demy-Culverine^  the  Breech  of 
her  was  13  Inches  4,  the  Mouth  9I.  The  firft  Sbot^  with  4  Ub.  of  Powder^ 
9  Ub.  Iron-Bidkt^  jwft  two  Butts  :  The  Secwid  Shot  with  3  i'^.  of  Powder^ 
paft  almoft  two  Butts:  This  fM-oved  to  be  the  beft  Shot,  becauie  the  Tim- 
bers were  the  ftrong^. 

r!^^mI!^       XI.  Whereas  ordinary  Wind  Guns  do  their  Effedt  by  the  CompreUionoi  die 
th^Aity  %      ^ir:  Ottho  Gbericke  hath  found  a  New  fort  that  (hoots  by  RarefaOien  ;  and 
TiSTii     ^^  ^^  publiflied  that  Device  at  large  in  his  Book  about  Pnoumatick  Experi- 
ments.   I  have  contrived  arother  which  I  take  to  be  better. 

AA 
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A  A  Is  E  Pipi^  very  equal  from  pne  end  to  the  other  ,  ^i''*<.* 

B  B  a  finall  PipekXdtfdin  a  Hole  near  the  End  of  the  Pipe  A  A,  and  ap-  ''*"•  ^'  ^^^ 
ply'd  to  the  Plate  of  xhtPneumaiUk  Engine. 

CCCC  fome  kind  of  Stool^  to  bear  up  the  hinder  part  of  thePi^< 

AA, 

D  a  Piece  of  Lead  fitted  to  the  Bore  of  the  Pipe  A  A. 

The  Pipe  A  A  is  to  be  (hut  at  both  Ends  by  Faiws  outwardly  applied, 
and  fo  the  faid  Pipe  A  A,  tho'  never  fo  big,  may  be  exbaufted  oif  Air  by 
means  of  the  Pneumatick  Engine :  Which  done,  die  Valve  towards  D  muil: 
be  fuddeniy  opened,  fo  that  the  whole  Preffure  of  the  Atmofphere  adfcing 
upon  the  Lead  D,  may  drive  it  along  the  Pipe  A  A,  with  fuch  a  Swifcnefs^ 
that  it  will  be  able  to  carry  it  to  a  great  Diftance:  and  becaufe  fuch  a 
Valve  Ihutting  agreat  Hole,  would  prove  very  difficult  to1)e  qpened,  when  the 
Pipe  A  A,  is  of  a  great  Bore,  the  Aperture  towards  D,  may  be  left  mudi 
fii»ller  than  the  Pipe ;  the  Swiftnefs  of  the  Air  being  U>  great,  that  even  thra* 
a  pretty  fmall  Aperture,  it  preCfed  the  Lsad  D,  as  freely  almoft,  as  if  the 
whole  Bore  was  quite  (^n.  > 

Having  {prepared  a  Barrel  carrying  a  htadoi  two  Ounces,  the  Experiment 
was  Ihewn  before  the  Royal  Society  and  the  Eflfedt  was  found  very  confide- 
rable,  the  Force  being  little  lefs  than  that  of  the  Wind-Gun  by  Cempreffim  j 
the  fame  Experiment  being  afterwards  repeated  with  a  longer  Barrel^  'twas 
found  that  the  length  in  this  way  of  Shooting  was  very  little,  if  any  Advan* 
tage.  ^ 

XII.  My  way  of  computing  the  Velocity  of  the  Air  (which  I  dunk  is  hf^*Tb$wms^ 
ter  than  the  Trial  made  by  the  Royal  Acadtmy  at  Paris)  is  grounded  upon  this^gljjjjj^ 
bydroftatical  Principle ^  That  Liquors  have  a  Strength  to  a/cend  as  high  as  their  MnAmjUd 
Source  is\  and  altho*  the  Rejiflance  of  the  Medium  does  always  hinder  Jet^^^ii^;  • 
d^Eau  in  the  open  Air  from  reaching  quite  fo  high,  neverthekfs  the  IAquorn.iu.p.  i^ 
at  its  firft  fpouring  out,  hath  the  ntcdSaty  Jmfinefs  to  come  to  that  height.    ^^  ^^  '"^ 

Prop.  L]  From  this  Principle  may  be  eafily  deduced  this  Propofidon,  ' 
That,  cfewo  different  Liquors  driven  iy  the  fame  Preffi&e^  thai  vAich  is  in 
Specie  lighter  muft  afcend  higher  than  that  which  is  heavier^  ated  their  heights  wi^ 
ie  reciprocally  in  the  fame  Reafon  as  their  fpecifick  Gravities  are. 

Prop.  II.]  From  the  foregoing  Propofitiomnoiltiex  may  eafily  be  deducedt 
viz.  That,  of  differing  Uqmrs  hating  the  fame  Preffure^  tbofe  thai  are  lighter 
in  Specie  mti/i  acquire  a  greater  Swiftnefs^  and  their  dSfering  Velocities  arete  esse 
another  •  as  the  Roots  of  the  fpecifick  Gravities  of  the  find  Liquors.  #  JUd^md^k. 

For  we  havefeeri,  P.  I.  T|*t  die  Heights  to  be  attained  afc  *  ihdie«jUfl^^Mi^ 
iame  Reafon  as  the  fpecifick  Gravities :  ^ow  GalHLeus^  Hi^msts^  and  others^ 
have  demonfirated.  That  the  Velocities  of  Bodies  are  to  one  another,  as  the 
Jquare  Roots  of  the  Heights  to  which  they  may  afcend  5  And  fo  in  diis  occar 
fion  they  are  alfo  *  as  the  Roots  of  the  fpecifick  Gravities.  *  Un^rM^ 

If  ther^ore  Vire  would  know  what  is  the  Febeity  of  the  Air  being  drivea 
by  any  degree  of  Preffure  whatfoever^  we  ou^  biat  to  &xl  lAat  would  be 
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the  Velocity  o^JVater'Vindtr  the  fame  Prejfure :  And  then  take  \3it  fquanlt^ais 
of  tht  fpecifick  Gravities  of  thefe  two  Liquors  ;  bccaufe  as  much  as  the 
fquare  Root  of  tht  fpecifick  Gravity  of  PTater  doth  exceed  tiicfquare  Root  of 
uif^  fpecifick  Gravity  of  the  Air ;  fo  much  in  proportion  will  the  Velocity  of 
Air  exceed  the  Velocity  of  Water.  For  Example  •,  when  I  would  compute 
what  fhould  be  the  Swiftnefs  of  a  Bullet  (hot  by  my  Pneumatick  Engine^  I 
fliould  at  firft  compute  what  was  the  Velocity  of  the  Air  itfelf  that  drove  the 
Bullet :  I  did  therefore  take  notice,  That  in  this  Occafion  the  Air  bears  a 
Preffure  much  about  the  fame  as  that  of  Water  when  its  Spring  is  22  Foot 
iiigh.  Now  fuch  Water  would  fpout  out  with  a  {MfUcitnt  Velocity  to  alcend  32 
Foot  Perpendicular,  and  therefore  according  to  the  Rules  and  Obfervarions  of 
<?alli^usy  Hugenius^  and  others,  fuch  Water  hath  the  Velocity  of  45  Foot  in  a 
Second.  It  remains  therefore  but  to  know  the  Proportion  of  the  Gravity  of 
'the  Air  to  that  of  Water :  And  we  have  found  it  not  to  be  always  the  fame  ; 
becaufe  the  Height,  the  Heat,  and  the  Moifture,  of  the  Atmofpbere^  arc  va- 
riable :  Neverthelefs,  we  may  fay  in  general,  That  the  Reafon  between  the 
fpecifick  Gravities  of  Water  and  Air  is  much  about  840  to  i.  Taking  then 
their  Square  Roots  as  I  h^^re  laid  above,  which  Roots  are  29  and  i,  we  may 
conclude  that  the  Velocity  of  Air  muft  exceed  that  of  Water^  by  29  Times ': 
And  fo  multiplying  45,  tht  Velocity  of  Water j  by  29,  weihallfind,  that 
the  Velocity  of  Air  driven  by  the  whole  PrefTure  of  the  Atmofpbere^  is  about 
1305  Foot  in  a  Second. 

S^?^/  ^^^^'  ^^  ^^^  Brafs'Works  at  ^ttvoli^  the  Waters  blow  the  Ftre^  not  by 
urltf4  fy  moving  the  Bellows j  but  by  affording  the  Wind.  Thus :  A,  is  the  River. 
DrMi  Pope.  B^ ,  the  Fall  of  it.  C,  the  Tube  into  which  it  falls.  L  G,  a  Pipe.  G,  the  OA 
"  iir'w  A^  of  the  Pipe^  or  Nofe  of  the  Bellows.  G  K,  the  Hearth.  E,  a  Hole  in  the 
Apr.  An.  i6Bf.  pip^;     p,  a  Stopper  to  that  Hole.    D,  a  place  under  ground,  by  which  the 

Water  runs  away.  Stopping  the  Hole  E,  there  is  a  perpetual  flrong  Windy 
"  iffuing  forth  at  G  •,  and  G  being  ftopt,  the  Wind  comes  out  fo  vehemently 

at  E,  that  it  will,  I  believe,  make  a  Ball  phy^  like  that  at  Frefcati.. 

ns^flFormcf  XIV.  Whatever  Men  may  imagine  concerning  Horizontal  Sails ^  I  doubt 
fTHmiii!^  there  never  will  be  found  a  better,  and  more  advantageous  way,  for  receiv- 
i^.  i^ob.Hook,  ing  the  Strength  of  the  Wind^  or  Motion  of  the  Air^  than  Perpendicular  Vanes 
nf^s.  M^-  ^^^^  o^  *  ^"^  Form,  fo  as  every  part  thereof  may  draw  alike.  But  be- 
i>ccAna.itf8i.caufe  I  find  divers  have  of  late  attempted  Horizontal  Vanes  for  Millsy  I  fhall 
explain  a  way  of  making  Horizontal  yanes  capable  of  performing  the  mfi 
'    .  that  is  pojftbk  with  Vanes  of  equal  Extenjion. 

•,  .  .  The  Invention  is  founded  upon  the  fame  BHnciple  with  that  of  the  Sailing 

cf  ShipSj  and  other  Veffels  upon  the  Sea  ;  namely,  upon  difpofing  and  or- 
dering of  the  Vane  or  Sail  fo,  as  to  ftand  in  the  beft  Pojiure  Uispffible  to  move 
the  Arms  of  the  ASU^  or  the  Body  of  the  Ship^  in  that  way  it  is  to  be  maved^ 
by  the  Force  of  the  Wind  blowing  thus  or  thus  again/i  them. 

The  Erji  Principle  then  common  to  both,  is,  that  the  Vane  or  Sail  be  as 
near  as  'tis  poflible,  a  perfeft  jpiSa»^  ^djmootb  Superficies ^  without  any  Belly- 
-  I  ing, 
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ingy  Buntingi  or  Curvity  in  the  Superficies  thereof,  upon  ^hich  the  Mo^ 
tion  or  Force  of  the  Wind  is  imprefled. 

Secondly^  That  the  Ar  may  have  as  many  Paffages  between  the  parts  of  . 
the  Vane  or  Sail^  as  may  be,  that  the  moved  Air  may  come  to  it  z:^  freely  ds 
may  be,  without  being  intercepted  by  ^ftagnant  Air  before  it,  to  impede  or 
divert  its  Force. 

^birdhfy  That  the  Plane  of  the  Vane  or  Sail  be  put  in  the  middle  htlinaticn^ 
between  the  w^  of  the  fVind  and  the  w^  of  the  Arm^  or  that  of  the  Body 
of  the  Ship. 

The  Contrivance  itfelf  is  This. 

Let  AB  fignify  the  Stream  or  Current  of  the  Air  or  Windy  moving  from  Fi/.  h*. 
A  to  B,  and  let  C  reprefent  the  Center  of  the  Axis  or  Spindle^  (landing 
perpendicular  to  the  /7m2^»,  upon  which,  at  the  Top,  is  fixed  at  right 
Angles,  the  piece  D  H,  making  the  two  Arms  C  D,  and  C  H,  upon  the 
Ends  of  which  the  Vanes  M  N,  are  moved  on  Spindles ;  fo  as  that  the  Plane 
of  the  Vane  doth  always  pafs  thro*  the  Point  D :  I  fay,  thefe  Vanes  fo  or- 
dered, iball  be  always  placed  in  the  moft  advantageous  Pofture  for  moving 
the  Arms  round  upon  the  f^d  Spindle^  whofe  Center  is  C,  in  the  Order,  of 
DEFGHIKLD. 

Firftj  For  the  Vanes  placed  at  D  and  H,  I  (ay.  They  are  fet  in  the  moft 
advantageous  P^«r^  poffible,  inthofe  two  Points  :  For  Firfty  the  VanelAli 
at  D  being  to  move  dire<5Uy  agdnff  the  fVind^  the  mod:  advantageous  Pofture 
is  to  turn  its  edge  diredUy  againft  the  fVind^  and  thereby  to  give  the  leaft 
R^ance  po(rible,  that  being  the  only  Point  in  which  the  Vane^  fuppo(ed  only 
a  Skiperficies,  draws  not.  And  Secondly^  For  the  Vane  M  N  placed  at  H,  it 
ftandeth  the  mod  advantageoujfy^  becaufe  its  Motion  being  aire£tiy  from  or 
before  the  Windy  it  ftandeth  fuU  Crofsy  or  oppofed  to  the  Motion  thereof.    . 

Secondly 9  The  Vanes  at  E,  F,  G,  and  I,  K,  L,  ftand  the  moft  advantageoufy 
becaufe  they  divide  the  Angle^  between  the  way  of  the  Wind^  and  that  of 
the  Arms  in  thofe  Points  into  two  equal  Parts,  and  confequently  the  Wind 
imprcflfeth  the  greateft  Force  in  the  moft  direft  Way :  For  it  is  cafy  to  be 
demonfltated.  That  the  Force  impre(red  on  the  Vane  by  the  Wind^  is  per- 
pendicular to  the  Surface,  and  confequently  that  the  Obliquity  of  the  Force 
to  the  way  of  the  Arms^  increafed  by  the  Vanes  (landing  more  full  againft 
the  Windj  will  have  a  lefs  Proportion  of  Power  to  promote  the  Motion 
thereof,  than  in  the  Pofture  here  fet.  And  fuppofing  the  Vanes  (et  (harper 
to  the  Windy  the  Diminution  of  the  Force  impreflm  by  the  Wind  on  its 
Surface,  will  be  greater  than  the  Augmentation  of  its  Power  by  being  mo- 
ved more  dirc&ly  to  the  wa^  of  the  Arms.  This  is  eafy  enough  to  be  geo- 
metrically demonftrated.  ..     .  i 

The  Vane  may  be  fo  ordered,  as  always  to  ftand  in  this  Pofiure  by  a  great 
many  ways  :  I  fhall  only  inftance  in  one,  not  the  beft  for  PraSice^  but  the 
moft  cafy  to  be  underftood  and  demonftrated. 

Let  the  Vane  be  equally  expanded  on  each  fide  of  its  AxiSy  by  which  the   z^.  Hi. 
PrefTure  on  the  Extremes  of  it  are  always  counterpoifed ;  then  faften  upon 
the  lower  end  thereof  a  Wheel,  which  may  be  in  a  Diameter  about  i  of  the 
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kfigth  of  the  Jrms  from  Hole  to  Hole  ^  then  fix  a  Wheel  upon  the  Frame 
in  which  the  Spindk  of  the  Jrms  do  moy^  that  Ihall  beof  half  the  Diame- 
ter with  the  former*  and  to  contaun  half  the  number  of  Teeth.  Then  b7 
a  third  fmall  Wheel,  fixed  under  the  Jrms,  of  a  convenient  bignclv 
communicate  the  Motion  of  the  one  to  the  other ;  for  By  this  means  each 
Fane  being  fo  provided,  they  will,  being  once  fet  right,  always  continue 
to  be  moved  and  difpoied  in  the  true  Pofture  defired. 

This  Contrivance  will  not  only  be  ufeful  for  all  manner  of  conmion  ff^nd^ 
Mills ^  but  alfo  for  Wafer- Mills  in  Rivers ^  where  there  can  no  Dam  be  made  ;. 
as  may  alfo  the  perpendicular  Vanes  of  other  Mills ^  neither  of  which  has  been 
£>  much  as  hinitd^  by  any  Perfon  whatibever,  that  I  have  hitherto  heard  of. 

'Am  Aummt «/  XV.  I .  The  Art  of  Byi^  hath  been  in  all  Ages  attempted  by  many»  partial- 
^^^  iady  in  the  Times  of  our  famous  Friar  Roger  Bacon^  who  lived  about  500  yearfr 
p^.  otf/n.  I.  fixice*  He  was  believed  a  Magician  or  Conjurer^  aund  to  have  performed  what 
^'  '^  was  related  of  him,  by  the  help  of  diaboHcd  Magick  v  but  from  the  perufal 

of  fereral  of  his  excellent  Wmcs  yet  extant,  I  dbeem  him  no  fuch  Perfbn. 
I  mdicr  Sod  him  to  have  beenagoodMi/ib^is^W^  x}L[iQiRmgM£cbamck^ 
a  rare  Cbemift^  and  a  moft  accomplifhed  experimental  Pbikfopber^  which  was 
a  Miracle  for  that  dark  Age.    This  Man  affirms  the  Art  of  Ft^it^  pofiible, 
and  that  he  himfelf  knew  how  to  make  an  Engine^  in  whkh  a  Man  fittings 
might  be  ^eto  carry  himlelf  thro'  the  ^r  like  z^Bird:  And  afikms^ 
iduit  there  was  then  another  Perfon  whq  had  aftuaUv  tried  k  with  ^ood 
Sbcce&.    We  have  not  wscMsed  later  Inftances  10  Etpand^  of  feveral  vag}^ 
aious  Men,  who  have  empk>yed  their  Wits  and  Time  about  this  Dmf^ 
Bartkulaily)  I  have  been  credibly  informed,  that  one  Mr.  G^coigne  did 
about  40  Years  fince  try  it  with  good  Effed:  %  tho'  he  fince  dying,  the 
Thiijig  alio  died  with  him.    And  even  now,  there  are  not  wanting  fbme  in 
Ei^imd^  who  affirm  thesnfidves  able  to  do  it,  and  that  they  have  proved 
»  much  by  Expeinmont.    We  have  little  or  no  account  of  the  ways  they 
have  taken  to  effed  their  Defigns  ;  but  we  may  conclude  them  <kfeffive 
ih  fensewhat  or  other,  fince  we  do  not  find  them  brought  into  common  Ufe. 
!n$Artifrfy»      a»  The  Sie^r  Sefnitr^  a  Smkh  of  SaUe  in  the  Couiu:y  of  Maine^  hath  in- 
ti5P  h 8.Bef-  vented  an  Ej^m  for  ^fing.    It  coofifls  ctf  two  Poles  or  Sfids^  which  have 
Shbt  f.  15.       at  each  end  of  them  an*  oUoog  Cbajfte  of  Tafiety  \  which  Chaffie  folds  from 
Wig.  iii»   above  ddwnwasda,  as  the  frame  of  a  folding  Window  Chaffie.    He  fits  theie 
Poks  upon  his  Shoulders,  fo  that  two  of  the  Cbaffies  ms^y  be  before  hitn,  and 
Che  athect  two  behind  him.    The  order  of  moving  them  is  thus  :   When  dc 
^ht  Hand  ftrikes  down  the  right  Wing  before  A,  the  left  Leg  by  means  c^ 
the  String  £,  puUs  downwards  the  left  Wing^hehindj  B ;  then  immedxatdy 
after,  ti»kft  Himdmor&  or  ftrikes  downwards  the  left  Wing  before,  C$ 
and  at  the  fimietime  the  right  Foot^  by  the  String  F,  moves  or  puUa  down 
jAcri^hi  Wing  behind,  D  •,  and  fo  fucceffively,  or  alternately,  tiie   diago- 
SMlfy  oppqfiteiH^^i  always  moving  downwaids,  os  ftiikiqg  the  Air  toge* 
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3.  1.  P.  FrOHci/co  Zona  m  his  Prodrome^  )5nding  by  an  Eiepefim^U  ^Th^t  ^*5^»*- 
tbc  IFetgbt  of  the  Ar  is  ^  part  of  the  Weight  of  a  like  quantity  of  Water ^  SIlSL 
he  concludes  certainly.  That  if  we  could  make  a  Veffcl  of  Glafs  or  other  *'*?•«•• 
Matter  that  might  weigh  lefs  than  the  Air  that  is  in  it,  and  fhould  draw 
out  all  its  Air^  this  Veffel  would  be  ligbUr  in  Specie  than  Air  itfelf,  and 
therefore  would  fwim  in  it  and  afcend  on  high*  This  he  fuppofes  may  b< 
done,  by  making  a  round  Veffel  of  thin  Flate  Brafs  {weighing  3  Ounce* 
in  a/quare  Foot)  of  the  Diameter  of  14  Foot/  'For  the  Sitrface  of  the  Veflej 
will  be  6 1 6  fquare  Feet^  and  the  Brafs  will  weigh  no  more  than  1 848  Ounce5 ; 
whereas  the  Content  will  be  143  7  J  Cub.  Feet^  and  that  Quantity  of  Air  will 
weigh 2 1 55 J  Ounces:  So  that  that  Air  being  evacuated,  the  Veffel  wiU 
be  307T  ounces  lighter  than  Air^  and  therefore,  will  not  only  afcend  int<> 
the  Air,  but  alfo  carry  up  with  it  a  weight  of  307!  Ounces.  And  thus  by 
cncreafing  the  Bulk  or  the  VeffeJ,  without  encreafing.thc  Tbickn«fs  of  the 
£latesof^rafs»  bcfuppofes  a  kind  of  Ship  may  be  madcj  to  ^im  in  the 
Air,  and  to  carry  two  or  three  Men  in  it. 

2.  The  fallacy  of  the  Author's  Heafoning  lies  in  this  i  he  fuppofes  C^er  ofSbnm  fci»ma» 
3  Ounces  in  a  Foot  Souare  to  be  of  fufficien^  Tl^iqkpels  to  refift  the  rreffurc^JJ'^^ 
of  the  Air  in  a  Gloie  of  14  Foot  Diameter^  nay  of  any  Bimenjion,  But  in  this  ^r  *?• 
w€  can  00  wife  aflcnt  to  him :  Forthe  Preffure  from  without  inwards^  dio* 
it  be  always  the  fame^  upon  equal  Surfaces,,  yet  upon  unequal  Surface;;  the 
Qfe  is  quite  otherwife,  for  there  the  Preflure  will  be  found  not  the  fame, 
but  to  encreafe  alwap  in  the  lame  Proportion  with  the  Surface,  and  thence 
oonfequently  the  fhtcknefs  of  his  CoMer^  or  any  Metal  or  Material,  which  he 
ihaB  make  uTe  of,  mufl;  increaie  in  tne  fame  Proportion,  with  the  l^iameter 
of  die  Sphere^  and  confequently  the  Weight  of  his  Copp&  muft  dlv^sys  increase 
in  the  fame  Proportion  at  leaft  to  the  SoMty  of  ias  Sphere  i  fo  mat  by  his 
augmenting  the  ^antity  of  his  Sfhere^  he  has  no  manner  of  Advantage  of 
m^ng  it  proporti9nably  lighter  than  the  Air^  and  proportionably  Jtrong^ 
but  the  contrary :  For  it  is  manifeft.  That  a  bigger  Sphere  to  made  of  any 
Matter  we  yet  know,  has  lefs  Power  of  refiflmg  the  fame  Prejfure  of  the 
^r  than  a  lefs,  becaufe  of  finite  Refiftance  of  Matter  to  Preffure^  there  be- 
ing fome  degree  of  Prejfure  that  will  crufh  every  Body.. 

XVL  This  Engine  is  compofed  of  four  principal  Paris  j  the  S^ent  A  A  ^^f^^ 
two  Foot-Steps  or  Treadles  B  B,  one  Oamr  C,  and  two  ^w  D  D^  D  D.    ^i -^ 

'The  Serpent  or  Iron  Bar  A  A,  has  two  Elbows,  EE,  whereto  the  Ends  of-*^-*'^^"^**- 
the  Ropes  are  fixM  that  raife  andj>ut  down  the  Fgot-fteps  B  B 1  F  F  are  two  "'F^'fi,'.^^* 
.fourths  of  a  Circle^   that  fucceilfvely  reft  upon  two  Arches  or  Bows  ofM»^»»^^'* 
Iron,  G  G,  which  arc  above  the  Ciller  C,  to  raife  it.  H  H  are  two  Teeth 
of  Iron,  added  to  the  iSi?/y«^,  making  an  Angle  of  25  De^.  with  FF,  aijd 
K  K ;  which  lerve  to  put  down  a  Bafcule,  or  Sweeps  which  is  in  the  Arm 
that  carries  the  Sbuftle.    Tte  Foojt-fteps  or  TreMes  differ  in  nothing  from 
ttofe  that  are  jifually  made  ufe  jof,  only  the  Cards  that  hold  them  pendent 
from  the  Groun^  are.fix*4  m  the  Elbows  of  the  Serpent^  which*  in  turQipg 
"  "  Sff2  raifes 
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laifes  and  puts  tbem  dawn  by  the  help  of  two  little  Pullies,  upon  which 
the  Ropes  turn. 

The  Clapper  is  fupported  between  two  Pillars,  with  a  Rope  double  twift. 
cd,  which  occafions  it  to  make  a  kind  of  Spring,  and  caufes  it  naturally  to 
give  forwards  to  beat  the  Cloth. 

L  M,  is  one  of  the  Arms  which  paffes  freely  into  the  Canal  or  PipeN  N, 
fupported  by  four  Pillars  of  Wood  O  O  O  O.  The  Motion  of  it  proceeds 
from  the  following  Parts.  PQ^  is^Bafculej  which  tho*  unequally  divided 
by  its  Supporter  R,  is  yet  in  MquiUbrio^  the  end  P  R  being  made  to  weigh 
exaftly  as  much  as  R  Q. 

At  the  Extremity  of  this  Bafctde  is  ty*d  a  Cord  which  paffes  thro*  the 
Pulley  S,  and  terminates  at  the  Extremity  of  the  Arm^  where  it  is  falfenai, 
to  a  little  Bow  M.  At  the  other  Extremity  of  the  fame  Arm^  that  is  to  iav, 
towards  L,  is  alfo  faftened  underneath,  a  Cord,  which  paffes  thro*  the 
Pulley  T,  and  which  carries  the  Weight  V. 

At  the  fame  end  of  the  Arm  is  added  a  litde  Niche  Z,  about  the  bisnefs  of 
half  the  Shuttle  :  Then  over  a  litde  Bar  X  Y,  which  pafles  a-thwart  the  Arm^ 
there  ate  two  other  little  pieces  of  Wood,  having  at  the  end  of  them  two 
Teeth  which  enter  into  the  Niche  Z,  thro*  two  Holes  which  are  there, 
of  the  one  fide  and  t*other. 

To  the  Ends  of  thefe  little  pieces  of  Wood,  there  is^a  little  Bow  of  Whale- 
bone or  Steel,  which  keeps  the  two  Ends  afunder,  and  forces  the  Teeth, 
which  are  at  the  other  end,  to  enter  into  the  Niche  before  the  (aid  peces 
can  Aemfelves.  At  the  Points  i  r,  are  two  Ropes  thatpafs  thro*  die 
Pullits  22,  faftened  to  the  Pillars,  ^  3  ^  4>  and  have  eacji  of  them  a  litde 
weight  at  die  end  big  enough  to  keep  it:  from  paffmg  thro*  a  little  Bowl 
which  is  under  each  Pulley. 

This  Arm  thus  difpofed,  goes  and  comes  in  the  HoleN  N,  in  the  follow- 
ing manner.  One  Tooth  of  the  Serpent^  already  defcribed,  fttikes  upon  the 
Extrenility  of  the  Bt^cule  P  Q,  and  fo  caiifes  the  End  Q^tb  rife  ups  which 
ilrawing  the  Cord  iaftened  to  die  Point  Q,  makes  the  -/frw  LM,  to  advance 
forward.  But  when  afterwards  the  Tooth  of  the  Serpent' 'h  come  forrii  a- 
gain,  then  the  Weight  V,  tied  to  the  other  End  of  die  fame  Annj  by  a 
Cord  that  paffes  thro*  the  Pulley  T,  forces  the  faid  Arm  by  its  own  Weight 
to  return  again. 

When  the  Arm  L  M  is  in  its  ordinary  place,  the  two  litde  pieces  of  Wood 
into  which  enters  the  Bar  XY,  enclofe  the  Shuttle  by  means  of  the  Whale- 
hont'Spring.  But  when  the  laid  Arm  approaches  the  other  oppofite  Arm, 
Chen  the  Cords  ded  to  the  Points  i  i,  being  a  litde  too  fliort,  and  the 
Weight  which  is  at  the  end  of  them  not  being  able  to  pafs  thro*,  the  Spring 
.  gives  way  a  litde,  and  fo  the  Shuttle  is  ng  longer  enclofcd  by  the  Arm  which 
carries  it,  but  is  wholly  received  and  grafp'd  by  the  other  ;  which  likewife 
in  its  turn,  delivers  it  oack  again  in  the  fame  manner. 

The  Morion  of  the  whole  Machine  is  made  at  the  rate  as  you  move  the 
Handle  of  the  Serpent^  for  then  the  -rfriwx  caufe  the  Threads  to  open,  and 
immediately  one  of  the  Arms  begins  to  Aide  itf  towards*  the  oppofite  Ann, 

to 
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to  which  It  carries  the  Shuttle^  and  retires  immediately :  At  the  fam«  timi, 
one  of  the  Quarters  of  a  Circle,  which  held  the  Oapper  elevated,  forfakes 
it,  and  leaves  it  for  to  flap,  and  then  the  oppofite  Quarter  of  a  Circle  ele- 
vating itfelf,  the  other  Elbow  changes  the  Threads,  and  the  other  Arm  re- 
tires ;  and  fo  fucceflively. 

The  Advantages  of  this  Engine  are  thefe.  i.  One  Mill  will  fet  lo  or  12 
of  thefe  Ij?oms  at  Work.  2.  You  may  make  the  Cloth  of  what  Breadth  you 
pleafe..  3.  There  will  be  fewer  Knots  in  the  Ctothy  fince  the  Threads  will 
not  break  fo  faft  as  in  other  Looms^  becaufe  the  Shuttle  that  breaks  the  great- 
eft  Part,  can  never  touch  them.  In  Ihort,  The  /ybrk  will  be  carried  on 
pickery  and  at  lefs  Charge,  in  regard  that  inftead  of  feveral  Work-Folks 
which  are  required  in  making  very  krge  Qothsj  One  Boy  will  ferve  to  tie 
the  Threads  at  the  feveral  Looms  as  faft  as  they  break,  and  to  order  the 
^Ss  about  the  Shuttle. 


XVII.  I  ordered  a  Model  of  a  part  of  a  Waggon  to  be  made  confifting  o^jUgmumts  4 

^^  ^^  ^  ,  ,    . ,  Member^ 

ordinary  Height  of  the  Wheels  of  a  ff^on :  ^The  Weight  of  the  Model  was  J^J^.'***  *•" 


four  Wheels  J  two  /fv«,  and  a  5^r^  nailed  upon  the  Aces.    The  I.^^  ^iv^/j  ^J^ 
were  44  Inches  high,  and  the  Bigger-Wheels  ^\  Inches  high,  viz,  ,Vof  the^Mw 


almoft  i\  lib.  I  had  alfo  two  other  Wheels  made  5f  Eiches  high  to  be  put  n.  1^7.  p.  «5^ 
on  inftead  of  the  Leffer.  The  Middle  of  the  two  Axes  y^rc  6t  Inches  J*"-^"*'^*'' 
aiunder.    All  the  Wheels  turned  very  eafily  upon  the  Axes. 

A  piece  of  Lead  soilib.  dverdupoife^  was  laid  upon  the  Modeh  fo  forward, 
that  tnc  Leffer  Wheels  fcemed  to  bear  above  4  parts  of  the  Weight.  Then 
the  Model  was  drawn  with  a  String  laid  over  a  Pulley,  the  Top  whereof 
was  i  of  an  Inch  higher  than  the  Top  of  the  Hinder  Axis,  and  the  Middle 
of  this  PuUy  was  y\  Inches  from  the  Middle  of  the  Fore  Axis. 
.  T\it  LeJJer  Wheels  being  put  on,  and  the  String  being  tied  to  the  Top  of 
their  Axis, 

I.  Three  Pound  drew  the  Model  on  the  fmooth  Level  Table. 

*2.  fwenty  Pound  drew  the  Leffer  Wheels  over  a  Squared  Rod  4  i)f  an 
Inch  thick. 

3.  Thirty  Pound  drew  them  over  a  round  Rod  a  little  more  than  -i  an 
Inch  thick. 

4.  Thirty  One  Pound  drew  them  over  a  Square  Rod  half  an  Inch  thick. 

5.  Twelve  Pound  drew  the  Hinder  Wheels  over  the  bigger  Square  Rod. 
The  String  being  laid  under  the  Axis,  viz.  4  of  an  Inch  lower  than  before, 

6.  Twenty  nine  Pound  drew  the  LeJJer  Wheels  over  the  Bigger  Square  Rod. 
Then  the  two  Bigger  Wheels  being  put  on  inftead  of  the  Leffer^  and  the 

String  lying  over  the  Axis, 

7.  Three  Pound  drew  the  Model  on  the  Table. 

8.  Twenty  five  Pound  drew  the  Fore  Wheels  over  the  Round  Rod. 

9.  Twenty  five  Pound  drew  them  over  the  Bigger  Square  Rod. 

10..  The  String  lying  under  the  Axis,  16  Pound  drew  them  crv^r  the 
leaftRod. 

II.  Twenty  three  Pound  drew  them  over  the  round  Rod.     ••-•*-• 

i  •  12.  Twenty 
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12.  Twenty  three  Pound  drew  them  over  the  Bigger  Square  Rod. 

ij.  Thirteen  Pound  drew  Ae  Hinder  Wheels  over  the  Bi^cr  Square  Rod. 

In  all  thefe  Experiments^  the  Lead  was  laid  exadlly  upon  the  fame  part  of 
the  Boards  but  yet  when  the  Leffer  Wheels  were  taken  off,  the  Lead  did  not 
lean  fo  much  forward,  fo  that  the  Hinder  Wheels  were  fomewhat  more  prcf- 
fed  than  they  were  before. 

By  comparing  the  fecond,  third,  and  fourth  Experiments^  with  the  tenth, 
eleventh  and  twelfth,  it  appears  how  much  more  eafily  a  Waggon^  ^c. 
might  be  drawn  in  rough  Ways,  if  the  Fore  Wheels  were  as  high  2S  the 
Hinder  Wheels^  and  if  the  mUs  were  fixed  under  the  Axis.  Such  a  ^^- 
gcn  as  this,  would  likcwife  be  drawn  more  eafily,  where  the  Wheels  cut  in 
Cloj/  or  Sand^  or  ahy  Soft  Ground.  And  moreover,  High  Wheels  would 
not  cut  fo  deep  as  Low  Wheels. 

Low  Wheels  indeed  are  better  for  Turning  in  a  narrow  Q>mpais  than  high 
Ones :  But  it  fcems  probable  that  Waggons  with  four  High-Wheels^  naicht  be 
io  contrived,  that  there  fhould  be  no  great  Inconvenience  in  thatr^)e&a 
^  le^  fuch  W^$ns  ^s  feldom  have  occafion  to  turn  Ihort,  as  Carrim 
Waggma  and  fuch  like. 

The  Difference  which  you  m^  obferye  in  the  eighth  and  eleventh  Expe^ 
riments^  is  agreeable  to  what  is  md  by  ^^  Stevinus^  and  Dr..  WaUis^  vhe^ 
That  if  a  Coachy  &£. ,  muft  be  drawn  over  rough,  uneven  EUces,  it  is 
beft  to  fix  the  Traces  to  the  Coach  lower  than  the  Height  of  the  Horfes 
Shoulders. 

14.  A  Table  27  Foot  long,  was  fee  with  one  End  Si  Inches  higher  tiian 
die  other  End,  emd  the  Model  bebg  loaded  as  before,  lefs  Weight  bv  6 
Ounces  drew  it  up  the  Table,  when  the  four  Bigger  Wheels  were  on,  aiaa 
when  two  Bigger  and  two  Lefs  were  on.  Becaufe,  in  the  firft  Cafe  dicre  was 
almoft  the  fame  DireSion  of  the  Motion  of  the  Model  and  of  the  Strine  thaC 
drew  it  *,  but  not  in  the  fecond  Cafe,  when  the  Fore  Axis  was  fo  much  lower 
Cba«i  the  Top  of  the  Pulley. 

fj^^^.       XVIII.  This  Cakjh  goes  on  two  Wheels  5  carries  one  Perfon,  is  %ht 
i^R.n.     enough;  tho'  it  hangs  not  oaBraces^  yet  it  is  eafier  than  the  Common 
f ' '^V' itt*'^^         A  common  Coach  will  overturn,  if  one  Wheel  goonaSupcrfi- 
jane.  An.  i  i/.  ^.^^  ^  p^^  ^^  ^  half  higher  than  that  of  the  other,  but  this  will  admit  of 
the  Difference  of  3I  Foot  in  Height  of  the  Superficies,  without  danger  of 
Over-turning :  We  chofe  all  the  irregular  Banks,  and  fides  of  Ditches  to 
run  over  5  and  I  have  this  Day  feen  it  at  five  feveral  Times  turn  over  and 
over,  and  the  Horie  not  at  all  difordered.     If  the  Horfe  fliould  be  in  the  Icaft 
unruly,  with  the  help  of  one  Pin,  you  difingage  him  from  the  Calefi)  widi- 
out  any  Inconvenience.    I  myfelf  have  been  once  overturned,  and  knew  it 
npt  till  I  looked  up^  and  faw  the  Wheel  fiat  over  my  Head  ;  and  if  a  Man 
Went  with  his  Eyes  ihut,  he  fhould  imagine  himYelf  in  the  moft  fmooth  way. 
tho'  at  the  fame  time  there  be  three  Foot  Difference  in  the  Height  of  the 
Ground^of  each  WhgeL  . 

3  XDC.  Let 
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XDC.  Let  D  EF,  be  a  pair  of  Belkws  40  Inches  lotog,  that  may  be  open-  '*'^«'''«'-«» 
%Stby  removing  the  Part  F,  from  E':  Let  them  be  cxaftly  (hut  every  where,  Utf^'fyL. 

but  at  the  Aperture  E ;  and  Let  a  Pipe  E  G,  20  or  2  2  Inches  long,  be  fodered  * '  vr  •  •. 

to  the  faid  Aperture  E,  having  its  other  end  in  a  Vcffel  G,  fuU  of  Mercu-  ^.  v^L  ^ 
ty^  and  placed  near  the  middle  of  the  Belhws.  "'p7^*i8  "^ 

A,  is  zxilAxis  for  the  Bellows  to  turn  upon.  Dec!Ao.  1685. 

B^  a  Counterpoise  fattened  to  the  lower  end  of  the  Bellows. 

Q  a  Weight  with  a  Clafp  to  keep  the  Belhws  upright. 

Now  if  .we  fuppofe  the  Bellows  opened  only  to  4>  or  ^  ftanding  upright, 
and  full  of  Mercury  ;  it  is  plain  that  the  iaid  Mercury  being  40  Inches  high, 
muft  fall,  as  in  xhtTorriceUiM  Experiment^  to  the  H^ght  of  about  27  Ihch^ 
and  confequently  the  Bellows  muft  open  before  F,  and  leave  a  Vacuity  there. 
This  Vacuity  mufl:  bd  filled  with  Mercury  afcendtng  from  G  thro'  the 
Pipe  GE,  the  faid  Pipe  being  but  22  Inches  long :  By  this  means  the  Bet" 
kws  muft  be  opened  more  and  more  till  the  Mercury  continuing  to  afeend, 
makes  the  upper  part  of  the  Bellows  fo  heavy»  that  the  lower  part  miift  get 
Joafe  from  tl^  Clafp  C,  and  the  Beihws  fliould  turn  quite  upfide  down ;  but 
die  VefielG^  being  fet  in  a  convtnienc  place,  keeps  them  Horizomal»  and 
the  part  F,  engag^th  there  in  anottucr  Clafp  C;  then  the  Mercery  )yf  i%.iSf» 
its  Weight  runs  out  from  the  Bellows  into  the  VefTel  C,  thro'  the  jEHpe  E  G, 
and  the  Bellows  muft  flmt  clofi^  and  doier  until  the  part  E  F  comes  to  be 
ib  Kgbt,  that  the  Counterpcufe  B  is  able  to  make  the  part  F,  get  loofe  from 
iht  Clafo  C  s  then  the  Bellows  comes  to  be  upright  again  as  before ;  the 
Mercury  left  in  them  falls  again  tx>  the  height  of  27  Inches,  and  confe- 
^aently  all  the  other  Efeds  wiH  Icdiow,  as  we  have  already  feen»  and  the 
Motion  mUcontinue  for  ever. 

Upon  this,  it  is  to  be  obferv'd.  That  the  Bellows  can  never  be  opened  hjAmifiiemt  h^ 
Ac  internal  Preffure,  unlefe  the  feid  Preffurc  be  ftrongpr  than  the  cxternal.^lf^St^^** 
^ow  in  the  Cafe  before  us,  it  is  pliain.  That  akho^  the  lowermoft  part  of»*  '9t.p/r)t. 
the  BeUows  be  pte0ed  outward  by  40  Inches  of  Mercury^  yet  the  upptf 
pict  having  no  Mercury  above  it,  bears  none  at  all ;  the  parts  that  lie  in  the 
middle  near  the  Aids  of  the  Bellows  bear  but  20  Indies,  and  fo  all  the  reft 
■enift  bear  more  or  leis,  according  as  they  lie  Ugher  or  lower  :  It  is  evident 
•  therefore.  That  there  are  as  many  parts  that  bear  lefs  than  20  Inches,  a» 
diere  are  that  bear  more,  and  the  Inaeafe  of  Pre0urc  following  an  Arithme-     • 
ileal Prjogrejfion^  it  is  undeniable,  that  all  thcfe  Prel&res  added  tc^ether,  will 
4o  mtore  than  one  uniform  PrdTure,  that  would  be  equal  to  20  Inches  every 
whese.    It  is  alfo  plain,  that  the  Weight  of  the  Asmef^herey  cannot  come  at 
tbe  inward  part  ot  the  BeUows^^  but  chro'  the  Pipe  G  £,  which  containing 
ZM  Perpendicular  Inches  of  A^rcury^  doth  counserpoife  fo  much  of  tbe 
Weight  of  the  Aimojpbere ;  fo  diat  this  being  fuppoiied  to  be  27  Inches  of 
Mercury^  it  cannot  prefs  th^  inward  part  of  the  Bellows^  but  with  a  weight 
equival^t  to  5  Perpendicular  Inches  of  Mercury.    So  that  we  fiod^  the  In- 
.  ward  Prefiure  both  of  the  Mercury  and  the  Atmofphere^  is  eqfuivalent  but  to 
25  Inches  of  Mercury  in  ail :  whereas  the  Preffure  of  the  Atmofpbere  upon 
the  Outfide  is  every  where  equal  to  ^7  Inches  >  from  whence  it  appears, 

^      That 
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That  the  Preffurc  without  is  ftronacr  than  the  Prcflbre  within,  '  From 
this  we  may  conclude^  that  the  BeUows  {landing  upright  will  rather  ihut 
than  open. . 
«.  \16,  ^  167.  I  fl^all  fay  nothing  to  the  Alterations  this  Author  may  make  in  his  Engim^ 
refolving  to  leave  it  to  others  to  fhcw  him,  that  upon  that  Principle  aU  be 
can  do  fignifies  nothing.  And  I  doubt  not,  but  if  he  pleafes  to  confuk 
M.  Peraultj  Be  la  Hire^  or  any  other  at  Paris^  he  will  find  them..of  the  fame 
Opinion  with  Mr.  Boyk^  and  Mr.  Hook^  and  others  here. 

Tb^speMfig         XX.  This  refleSifig  Trumpet  confifts  of  two  Parts. .  The  utmoft  Bb^  is 
Sir^'^j.  ^  large  Concave  Pyramid,  about  a  Yard  long,  (or  may  be  of  any  managc- 
cooVerf.   *     able  Length)  open  at  the  Bafe  B,   and  clofed  not  with  a:  Flat,    but  a 
ip\t  An.  167V.  Concave  Head,  at  the  Cone  B.     Within  this  is  fattened  a  bended  Tube  Ka. 
Fix- 186.      Tids>Trumpet  did  at  a  Meeting  of  the  Reyal  Society  at  Arundel  Houfe^  diftinftly 
deliver  fome  Words,  crofs  the  Garden  and  th^  River  TbamtSj  and  thata^ 
gainft  the  Wind  which  was  then  ftrong ;  and  the  words  were  written  dowa 
by  one,  that  was  fent  over  for  that  purpofe  :  Whereby  it  appeared.  That  a 
reflefftp^  Trumpet j  after  this,  or  fome  other  like  manner  of  Wood,  Tin, 
Pewter,  Stone,  or  Earth,  or  which  mav  be  bcft,  of  Bell-Metal,  will  car- 
ry the  Voice  as  far,  if  not  farther,  than  tne  loMf  one  invented  by  Sir  Smntd 
^i.  187.      Moreland.    Befides  that,  it  feems  to  take  oft  from  the  aftoniihing  Noifc 
hear  at  hand,  which  happens  in  ufe  of  the  faid  long  7r»m;^/ ;  By  ^  5ml 
*'  *   *      Moreland^s  Trumpet  angularly  arched  in  the  middle,  the  ddivery  of  Sound 
to  any  diftant  Place  was  much  Ihortened  \  and  by  another  with  three  large 
angular  Arches,  reaching  aknoft  from  one  end  to  the  other,  the  Sound  was 
almoft  wholly  obftrudfced. 

7U  Sw^tfi  tf  XXI.  I  provided  a  Pendulum^  of  fmall  virginal  Wire,  with  a  Piftol  Bullet 
M^R^lakni  at  the  end  of  it,  which  had  two  Vibrations  in  one  Second  of  Time.  I  took 
^Ecd^tih  this  Pendulum^  and  ftanding  over-againft  a  high  Wall,  Iclapt  two  pieces 
n.'^i47^.%3«^  ^"^^  Boards  together,  and  obfervSi  how  long  it  was  ere  the  Eccbo  return- 
Dec.  Aa.  1698.  ed  ;  and  I  removed  my  Staticm  till  I  found  the  place  whither  the  Eccbo  re- 
turned in  about  half  a  Second.  But  that  I  might  diftinguifh  the  Time  more 
nicely,  Iclapt  every  Second  of  Time,  10  or  15  times  together  ^  fothatbyt 
this  means,  I  could  the  better  difcovcr  whether  the  dirances  betwixt  die 
Claps  and  the  Ecchoes^  and  the  following  Claps,  were  equal.  And  the'  k 
be  very  difficult  to  be  exaffc,  yet  I  could  come  within  fome  few  Yardsr  of 
the  place  I  fought  for,  thus  I  obferved  the  two  Places,  where  I  could  but 
juft  difcover  that  I  was  too  near,  and  where  I  was  too  far  off;  and  fi-om  the 
midway  betwixt  them  I  meafured  to  the  Wall,  which  Mcafure  doubled,  was 
the  Space  that  ihtStmnd  moved  in  half  a  Second. 

Here  follow  the  Numbers  of  Engli/b  Feet  which  a  Sound  moved  in  one  Se« 
cond  of  Time  at  fcvcral  Trials. 

Trials 
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Trials. 

Feet. 

Trials. 

Feet. 

Trials. 

ii'«/. 

I 

2 

3 

4 

1256 

1507 
1526 
1150 

i 

7 
8 

iigz 

1378 
1292 

1185 

9 
10 

II 

1278 
1290 
1200 

Merfemus  mentions  an  Experiment  wherein  he  found  the  Motion  of  the  Sound 
to  be  14.74  Feet  in  a  5tfr^»//.  The  Academy  del  Gmento  caufed  6  Harquebuf- 
fes,  and  6  Chambers  to  be  fired  one  after  another  at  the  Diitance  of  5739 
Englifi)  Feet  J  and  from  dieFlafh  to  the  Arrival  of  the  Report  each  was  ^' : 
And  repeating  the  Experiment  at  the  Midway,  the  Motion  was  exadkly  in  half 
the  time ;  and  Mr.  Boyle  obferved,  that  the  Motion  of  Sound  paffcs  above 
400  Tards  in  a  Second. 

When  the  Firft  Trial  was  made,  there  was  fome  Wind  ftirring,  tho*  not 
much ;  the  2d,  3d  and  6th  were  made  in  a  Calm  Morning.  In  the  Sth^ 
the  Eccbo  was  returned  from  a  Wall  at  395  Tards  Diftance  in  two  Seconds ; 
and  in  the  9th  and  loth,  at  213  and  215  Tards  Diftance,  in  one  Second. 
The  4th  was  made  at  one  end  of  St.  John's  Qoifter^  in  Oxford^  which  is  104 
Feety  Inches  long,  where  the  Sound  ytas  RefleSed  1 1  times  in  two  Seconds  : 
And  the  5th,  onthe  North  fide  of  New  College  Cloijier  (which  is  160  Feet  8 
Inches  long)  where  there  are  about  7^  Ecchoes  in  two  Seconds. 

By  fome  of  thofe  Experiments  that  I  tried,  I  am  inclined  to  think.  That 
the  Sound  moved  quicker  when  it  was  Calm,  than  in  a  Wind,  even  when 
itit  Sound  moved  half  way  with  the  Wind  -,  and  that  it  moves  fwifter  at  firft, 
than  afterwards. 

'  There  is  feldom  any  EcchOy  where  there  is  nottfonne  Wall,  Wood,  Bank, 
or  fuch  like,  diredtly  oppofite,  that  may  Refledt  the  Sound  to  the  Perfon  that 
inakes  it ;  but  in  St.  JoMs  Grc^^  if  you  ftand  near  the  Gate  leading  from 
the  Cdlege  to  the  Grove^  and  Clap,  the  Eccho  will  return  to  you  from  the 
Bail  Court  J  tho*  a  line  drawn  from  you  to  the  Ball  Court  be  not  perpendi- 
tular  to  the  Wall  there,  but  as  much  oblique  as  the  Line  A  B  is  to  the  Line 
BC ;  where  A  reprefents  the  Gate,  BC  the  BaU Court  Wall,  and  B D  an- 
other Wall.  Or,  if  you  ftand  at  E,  the  Comer  of  the  Grove  next  to  Trinity^ 
and  clap,  the  Eccho  will  return  to  you  from  the  Ball  Court. 

In  the  fame  Grove  1  ftood  about  20  Yards  from  the  fame  Gate,  and  the 
Gate  being  fhut,  Clapt,  and  at  other  times  Stamped,  and  the  Eccho  returned 
irom  the  Gate  as  loud,  if  not  louder  than  the  Clap  or  Stamp. 

An  Eccho  reflected  from  a  Gate  or  Door,  has  ufually  a  bafer  and  duller 
Sound  than  that  which  is  returned  from  a  Wall,  this  being  much  briiker. 
•    As  I  have  been  wialking  towards  a  Wall,  I  have  clapped  my  Hands  toge- 
ther feveral  timeSj  and  I -could  diftinguifli  tht  Eccho  from  the  Clap*  tin  I^ 
came  within  7  or  8  Yards  of  the  Wall. 

In  the  Ctoijiers^  where,  as  we  faid  before,  the  Eccho  was  repeated  feveral 
times,  the  firft  Repetition  feemed  to  be  flower  than  the  fecond  or  third  ; 
Vou  Ttt  but 


Fti,  i83« 


(  So6  ) 

but  of  all  the  Repetitions,  befides  the  firil,  the  fubfequent^  feetned  flower 
than  the  precedent,  .  ^ 

I  have  obferved  the  Tofllng  of  a  Sound  forward  ind  back  again,  in  veiy 
many  Places  where  therfe  are  Parallel  Walls ;  and  Where  the  DiAanc^  of  the 
Walls  is  lefs,  there  the  Eccboes  follow  one  another  quicker. 

Wherefoever  a  Sound  was  thus  toffed  betwixt  two  Walls,  if  I  ftood  about 
the  Middle,  I  could  hear  the  Sound  twice  as  quick,  that  is  twice  as  often 
repeated  in  one  Second,  as  if  I  ftood  neaf  one  Wall :   The  Sound  beiiig  re- 
fleAed  to  me  from  both  ends,  when  I  ftood  in  the  middle; 
Pi  i5>o.  In  Trinity  Ball  Court^  when  I  ftood  and  clapt  at  Bi  three  or  four  Yards 

from  the  End  of  the  Wall  C,  or  at  A,  which  is  oppofite  to  B,  the  Sound  was 
tofled  betwixt  the  oppofite  Walls,  but  not  half  lo  loi^  as  when  I  ftood  be- 
twixt the  Walls.  In  Places  where  there  are  Parallel  Walls,  not  above  fix  or 
eight  Yards  alunder,  as  in  Trinity  Bail  Courts  and  at  the  Entrance  into 
St.  John^%  Grove^  ^c.  I  have  heard  the  Ecchoes  of  a  Clap  following  <Mie 
another  diftin£lly  enough :  But  there  the  Eccboes  of  a  nmficd  Note^  which  was 
longer  than  a  Clao,  were  fo  confufed,  that  they  feemed  one  contbued  long 
Sound:  which  maices  me  think,  that  the  Eccbo  in  fome  Vaults,  is  nothing 
elfe  but  the  Sound  toffed  betwixt  the  fide  Walls,  and  betwixt  the  tcp  and 
bottom.  This  alfo  makes  me  conjedhire.  That  the  Reafon  why  ftringed 
Muficd  Inftruments  give  a  greater  and  longer  Sound  to  the  Strifes  than  if  the 
Strings  were  fixt  to  a  fingle  Board,  may  be  this ;  becaufe  the  Sound  i%  to&d 
from  fide  to  fide  in  the  Belly  of  the  It^rument. 

ToiDcifrimetf  XXIL  I  cannot  better  explain  the  Ufefulnefs  of  this  Theory  ofSoundsy  than 
vudBi!^  ^y  making  a  Comparifon  *twixt  the  Faculty  of  Seeing  and  Hearings  as  to  their 
^^fZeMJi'"*  improvements.  In  order  to  which,  I  obferve.  That  Vijion  is  threefold*  ir- 
^I56!^4%.  r^Sf  refraaed^  andrefien'd%  anfwcrable  whcreunto  we  have  Opticks^  Diop- 
^^'An.HZztrijcks^  soidCatoptricksi 

In  like  manner  Hearing  may  be  divided  into  direH^  refraSed^  and  refiofd*^ 
whereto  anfwer  three  Parts  of  our  Doftrine  of  jicoufticks^  which  are  jec 
namelefs,  unlefs  we  call  them  Jcoufiicks^  DiacouJtickSj  and  Catacoufticks  (or  in 
another  Senfe,  but  to  as  good  JPurpQfe)  Pbonicks^  DiapbonickSy  and  Catcfbo^ 
nicks. 
Direa  Vifion  has  beien  improved  two  ways. 

1.  Ex  parte  OljeEtij  by  me  Arts  of  producing^  amfirvingi  and  iuniajting^ 
and  duly  applying^  Light  and  Colours.  , 

2.  JEx  parte  Organi  vel  Medii^  by  making  ufe  of  Tubes  witbout  Glajes^  ori 
a  Man's  clofed  Hand  to  look  thro*.  So  likcwifc  direSi  Hearingy  pardT 
has,  and  partly  may  further  receive  great  and  not^bk  Improvements,  both 
ex  parte  OljeSiy  and  ex  parie  Organi  vel  Mitdii. 

I.  As  to  the  Qbjedl  of  Hearings  which  is  Somdy  ImfMt>veoient  has  been 
and  may  be  made,  both  as  to  the  begetHniy  and  as  to  the  conveying  and  pro- 
pagating  (which  is  a  kind  of  Conferving)  ot  Sounds. 

I.  As  to  the  begetting  of  Sounds.  The  Art  of  imimkig  any  Sou^d  whe- 
ther by  fpeaking  (that  i;  pronouncing)  any  kind  of  iiaii^;uag9  (wl^h  really 

is 
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ii  an  ^/ ;  and  the  Atft/i  Speaking  pcrbVps  ope  ofthe  greateft)  or  by  Whift- 
lingj  or  by  Singing  (which  are  alk>%^ed  Acis^  or  by  IMlowing,  or  Lurmg, 
(wmch  ihc  Hunijman  and  falconer  wopld  have  to  be  an  /*^/  alfo)  or  by 
imitating  with  the  Mouth  (or  otherwife)  the  Voice  of  any  Animal ;  as  of 
Quails,  Cats,  and  the  like^  of  by  repr^feiitingr^oy:  Sound  begotten -by  the 
Cpllifion  of  foUd  Bodies,  or  after  any  other  manner  5  thefe  are.a^li«!prw^■ 
men^s  of  dire£l  Hearings  and  may  be  iwpnyued. 

Moreover,  the  Skill  to  make  all  forts  of  mufical' Ii^rumentSy  both  antient 
and  modern,  whether  ^/W  iHftruminfs  or  firing' d^  or  of.  any:  other  fort, 
whereof  there  are  very  many  (a^  Drum!,  Bellsy  the  Sjftrum  of  the.  Egypnans^ 
or  the  like)  that  Bega  (and  not  of^y  Propagate)  Sounds, :  The  Skill  of  making 
thefe,  I  fay,  is  an yfr/,  that  has  much  improv'd -^V^ifiSf  Hearings  and  an 
harmonious  Sound  exceeds  a  fingle  and  rqde  one,  that  is  an  immnjical  Tu?re  : 
which  Jrl  is  yet  capable  of  farther  Iinprovement  And  I  hope.  That  by  the 
Rules  which  may  happily  be  laid  down,  concerning  the  Nature,  Propagationy 
anci  Proportion  or  adapting  of  Sounds,  a  way  may  be  found  out,  botli  to  \m- 
mowt  Mu/tcal  Inftrunmts  already  in  ufe,  and  to  invent  new  ones-,  that  Ihall 
be  mipre  fwee^  2x1^  lofcious  than  any  yet  known.  Bcfides,  that  by  the  fame 
means  Infirtm^nts,  may  be  piade^  (hat  (hall  imitate  any  Sound  in  Nature,  that 
lis  not.  Articulaii  j  bc^  it  of  Bird,  6t^  or  what  thing  elfe  focver..  •. 

2  .The  Conveying  aiid  Propagatif^  (which  is  a  kind  of  Gon/ervin^  qf  Somds, 

Is  much  helped  by  duly  Placing  thtfonorous  iS^^,  and.aUb  by  the  iMfe^w:    . 

:  F/or.  if  iht  Medium  he  Thin  wO^.'^iefientj  audi  tbArfimnding  6oif: placed 

c^nyenlei)tly,  the  Soun4  will  be  eafUy  ^(¥i  ^gulai;ly  ^r^jP^lS^^/f^/  and  mightily 

cm^tfvei.  '  '  -^  -/-:  •     -•,  .1  ::..'.'.•'  '      -    ' 

j«  The  Medium  mofi:  be  "Thin  ai»d  ^mfccfU;  JifA^ce  in  a  ftill  Evening, 
pr  the  I)ead  ofthe  Night  (when  thfe  \®im4  ceafe^)  ft^^'^wi^is  better  fent  out, 
and  to  a  greater  Diftance,  thvj  oihefwifc^  '      •    » 

2.  TYit  fonoroiis  Body  mufi  bepWrfconveiuently,  viz.  i^t^zfmoafh  ff^all^ 
either  Pli^in  or  Jrcbid  {Cycloidicalty  or  ^SMipiicalif, :  raiher  than  otherwife ; 
tho'  a  Circular  or  any  y**fi&  will  do ;  but. not  fo  well) .  Hence  in  a  Church, 
the  nearer  the  Preacber  Aands  to  the  fV(^  (and  cortiidly  it*s  much  the  beft 
way  to  place  Pu^ts  near  the  W^  the  befit er  is  he  hc«^  .efpecially  by.thofe 
who  iiand  near  the  H^aU*,  alfo,  tho*  at  a  greater  IJiftance  from  ^t  Pulpit, 
thpfe  at  the  rempteft  End  of  the  Church,  by  laying  their  Ekrs  fomewhat 
clofe  to  the  Way,  may  hear  him  eafier  than  thofe  in  the  middle. 

tjence  alfo  do  arife  Wbifpering  Places  For  the  Voice  being  applied  toone 

end  of  an  ^rcb,  eafily  rowls  to  the  other.    And  indeed  were  the  Motion 

and  Propagation  of  Sounds  but  rightly  underftciod,  'twould  be  no  hard  niatcer 

to  contrive  JVhiJpmi^  Places  ofinfinite  variety  «nd  ufe.    And  perhaps  there 

c:oula  be  no  better  or  more  pleaiant  h&uing  a  Concert  of  Mufic,  than  at  fiach 

d  Place  as  this ;  ^  where  the  Sowids  rQwlir^  k>i%  together  before  they  come  to 

che  Ear,  muft  needs  confolidate  and  imbody  in  one  \  which  becomes  a  true 

Compojition  of  Sounds^  and  is  the  very  Life  and  Soul  of  Concert. 

2.  If  the  fonorous  Body  be  placed  near  ff^ater,  the  Sound  will  eafily  \fc 
^^nvcy'd,  yet  mollify 'd  i  as  Experience  teacheth  us  from  a  Ring  of  Bells  near 

T  ;  t  ?  a  River, 
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a  River,  and  a  great  Giin  Qiot  oflf  at  Sea  5  which  difFer  much  in  the  ftrength, 
and  yet  Softnefs  and  Continuance,  or  Propagation  of  dieir  Sounds j  from  the 
fame  at  Land  ;  where  the  Sound  is  inore  harfh  and  more  perilhing,  or  much 
fooner  decays. 

3.  In  a  Plain  a  Voice  may  be  heard  at  a  far  greater  Diftance,  than  in 
uneven  Ground.  The  Reafon  of  all  which  laft  n^m'd  Pbanomena  is  the  fame  j 
bccaufe  the  fonorous  Air  meeting  with  little  or  no  Refiftance  upon  a  Plame 
(much  lefs  upon  an  Arched)  fmooth  Superficies^  eafily  rowls  along  it,  without 
beiftg  let  or  hindred  in  its  Motion,  and  confcquently  without  having  its  Parts 
disfigured,  and  put  into  another  kind  of  Revolution,  than  what  they  bad 
at  the  firft  begetting  of  the  Sounds  which  is  the  true  Caufc  of  its  Preftroaticn 
or  Progreffion  ;  and  fails  much  when  the  Air  paffes  over  an  uneven  SmfK:e» 
according  to  the  degrees  of  its  Inequality ;  and  fomewhat  alfo,  when  it 
paffes  over  the  Plain  Superficies  of  a  Body  that  is  hard  and  relifting. 

Wherefore  xht  fmooth  Top  of  the  Water  (by  reafon  of  its  yielding  to  the 
Arched  Air  J  and  gently  rifing  again  With  a  kind  oi  Refufge^  like  to  Ek^icify 
tho*  it  be  not  fo ;  by  which  Re/urge  it  quickens  and  haftcns  the  M^iwm 
of  the  Air  rowling  over  it,  and  by  its'  yielding  preferves  it  in  its  Arcbei 
Cycloidical  or  Elliptical  Figart)  the  Jmooih  Top  of  the  fTaterj  1  fay,  forthefe 
Reafons,  and  by  thefe  Means,  conveys  a  Sound  more  entire,  and  to  a  greater 
Piftance,  than  the  Plane  Surface  of  a  piece  of  Ground,  a  Wall,  or  any  other 
folid  Body  whatever,  can  do. 

2.  The  Organ^  which  is  the  Eafy  is  hdpt  much  bypiifi^it  near  a  Wall, 
(elpecially  at  one  ejid  of  an  Arcb^  the  Somd  being  begotten  at  the  other)  or 
tiear  the  Surface  of  Water,  or  of  the  Earth  -,  along  which  the  Sounds  are 
moil  eafily  and  naturally  conveyed ;  as  was  before  declared.  And  *tis  Incrc- 
dibk,  how  far  a  Sound  made  upon  Earth  (by  the  Trampling  of  a  Troop 
of  Horfes,  for  Example)  may  be  heard  in  a  Hill  Night,  if  a  Man  lays  his 
Ear  clofe  to  the  Ground  in  a  large  Plain. 

Otacou^cks  here  come  in  for  helping  the'  Ear ;  which  may  be  fo  contrived 
(by  a  right  underftanding  the  Progreffion  of  Sounds^  whicji  is  die  principal 
Thing  to  be  known  for  the  due  regulating  all  fuch  kinds  of  Inftniments) 
as  that  the  Sound  might  enter  the  Ear  without  any  RefraSion. 

2.  Refraaed  Vijim  (which  is  dway«  madc/x  parte  Medii)  arifes  from  die 
different  Denfity^  Piptre^  and  Magnitude  of  the  Medium ;  which  is  fomewhat 
altered  by  the  divers  Incidence  of  the  Vifhe  Raysy  and  fo  it  is  in  Refraaed 
Hearings  all  thefe  Caufes  concur  to  its  ProduSion ;  and  fome  others  to  be 
hereafter  confidered. 

Now  as  any  Objea  (a  Man  for  Example)  fecn  thro*  a  Thickened  Air, 
by  RefraaUm  appears  greater  than  really  he  is  :  So  likewife  a  Sound  heaxd 
thro*  the  fame  Thickened  part  of  the  Aimfphere^  will  be  confiderably  va- 
ry*d  from  what  it  would  feem  to-  be^  if  heard  thro*  a  Thinner  Medium. 
And  this  I  call  a  RefraSfid  Sound.  • ; 

Improvements  of  Refraaed  Vifi>n  have^been  mlde,  by  Grinding  or  Blow- 
ing Glafles  into  a  certain  Figure,  and  placing  them  at  due  Diftances  j  whereby 

die 
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:che  Ob}eft  nity  ()e  (as  -Mas)  enabled  to  fend  forth  its  Rays  more  Vigoroufly, 
and  the  Fifive  Faculty  impowered  the  better  to  receive  them.    Thus, 
r    X.  A  &ie  Glafs  Bubble,  filled  with  dear  Water,  and  placed  before  a 
-burning  Candle  or  Lamp,  does  help  it  to  dart  forth  its  Rays  to  a  prodigi- 
4)us  Length  and  Brightnefs. 

a.  The  Vifive  Factdty  is  much  helped, 

1.  By  Spellacles  and  other  GlalTes,  which  are  made  to  help  the  PurbUnd 
and  Weak  Eyes^  to  fee  at  any  competent  Diftance. 

a.  By  PerJ^eaive  Glaffss  and  Tele/copes^  which  help  the  Eye  to  fee  Objefts 
at  a  very  great  Diftance^  which  otherwife  would  not  be  difcernible. 

•  g.  By  Mkrofcopes  or  Magnifying  Glajfes^  which  help  the  Eye  to  fee  near 
0^€&s^  that  by  reafon  of  tl^ir  Smalbefs  were  Inviftbk  before. 

4.  By  P^fyfiopes  or  MuUiplying.GIa/fes^  whereby  one  thing  is  reprefented 
CO  the  J£ye  as  many»  whether  in  the  fame  or  different  Shapes. 

Aftfer  the  fame  manner,  Inflruments  may  be  contrived  for  afUfling  both 
the  SoHortms  Body  to  fend  forth  its  Sound  more  flrongly,  and  the  Jcoufiick  Fa-- 
cutty  to  receive  and  difcem  it  more  eafily  and  diftin^y.    And  thus  ; 

*  I.  Aa  Inflrument  may  be  invented,  that  applied  to  the  Mouthy  (or  any 
Sonorous  Bodf)  fhail  fend  forth  the  Voice  diflin£tly  as  to  a  prodigious  Diftance 
aiid  Jjmdnefs.  For  if  the  Stenknro-pbomcon  (which  is  but  a  Rude  and  Inarti- 
fidjd  -Inftrument)  does  fuch  great  Feats ;  what  mi^ht  be  done  with  One 
comppfed  according  to  the  Rules  of  Art,  whofeil^^^  fhould  comply  with 
the  \jsc9noi  Sonorous  Motion^  which  that  does  not  ? 

2.  There  are  fome  InJlrumentSj  and  more  fuch  may  be  Invented  to  help 
4htEar:  As, 

1,'CUacoufticks  (and  better  may  be  made)  to  help  fTeak  Ears  to  hear  at  a 
lealbnable  Diftance  alfo.  Which  would  be  as  great  a  help  to  the  Infirmity  of 
Oid  kge^  as  the  other  Invention  of  SpeHacksiSj  and  perhaps  greater ;  foraf- 
much  as  the  Hearing  what's  fpoken  is  of  more  daily  Ufe  and  Concern  to  fuch 
Men,  than  to  be  able  to  read  Books,  or  to  view  Piftures. 

2.  A  fort  of  Otacoufticks  may  be  fo  contrived,  as  that  they  fhall  receive 
in  Sounds  made  at  a  very  great  Bifiance^  which  otherwife  would  have  been 
IfiaudiUe :  and  thefe  Otacoufiicks^  in  fome  Refpe£ts,  would  be  of  greater 
life  than  PerfpeBives. 

r.  In  Time  of  fFar^  for  difcovcring  the  Enemy  at  a  good  Diftance^  when 
he  marches  or  lies  incamp'd  behind  a  Mountain  or  Wood,  or  any  fuch 
Place  erf"  Shelter,  which  hinder  the  Sight  from  reaching  very  far. 

2.  At  Sea^  when  in  dark  Haxy  Weather  the  Air  is  too  thick,  or  in  Stormy 
Tempcftuous  Weather^  the  Waves  rife  too  high,,  for  the  PerJpeBive  to  be 
made  ufe  of. 

3.  In  Dark  Nights,  when  PerfpeBives  become  almoft  infignificant,  and 
yet  at  fuch  times,  generally.  Soldiers  take  their  March,  when  they  would 
furprize  their  Enemies. 

4.  Mcrophones^  or  ACcracosffiickSj  that  is.  Magnifying  Ear  Inftruments^ 
which  may  be  contrived  after  that  manner,  that  they  fhall  render  the.  mofk 
JMimite  Sound  in  Nature  diftinftly  Audible  by  Magnifying  it  to  an  uncon- 
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and  Tones  of  tl^  finalleft  yfffi»w/j»  •      •    ♦. 

.  5*  'APolypbone^  or  P,ofycoufticky  fobrderfcd  th^t.Qne  S^dmzy  t*,h»rd, 
either  of  the  Same,  or  a  diflFerent'iVbx^.-  Infomuch.that  who  ufes  tiw  Ijtr 
ftrumeni^  he  Ihall  at  the  Sound  of  a  Single  Viol  feem  to  hear  a  wbple  Q^^i^ 
and  all  True  Harmony.  By  which  meani  this  InfirumnthsAvnxkc^.^c.iL^^ 
vantage  of  the  P<?/yyh?/^.  .  ".*•.. 

I  have  called  it  RefraSti  Hearings  becaufe.  niajk-  thro*  a  .A^4E«Hi  .1M|. 
ThJck;;Air,  or  an  Inftruinent,  thrp*  which,  tb^:  Sound  paiTu^  is  b^e»  or 
RefraBed^  ;  .•     ^ :.; 

3..  R^Slei  Vifion  (which  is  always  made  ex  parte:Qlye£li)  jbath  Ulsn«itn« 
prov'd  by  the  Invention  of  Looking  Gla^s  and  P^iftid.Me^i  ^betlia 
P/«zr^  Concave  or  Convix^  of  feveral  Figures,  and  placodv  at  Dct^ltnii^ate 
Diftances.  i  ..!: .  j 

In  like  manner  reflex* d  Audition  (whichis'only  made,W:/wr«  C^pmhQp- 
pc/isi)  may  be  improved  by  contriving  feveral  forts  of  Artificial  Ec^hoes.  FHf 
(fpeaking  in  general)  any  Sound  falling' dire^fy  or  ^^%i^^^.jupott  .apy  dttife 
Body  of  a  fmooth  (whether  Plane  or  Aiseh'd)  Supci£defi»  .is beat  b^dk  again 
and  reflefied,  or  does  JS^cAo  more  or lef^^'  r  ,.       ' 

1  fay,  (1.)  Falling  direafytr  oUiquel^i-bccmkj  i^  th^^S^nd  beCcHtjQUC 
and  Propagated  Parallel  to  the  Suifaceiol.the  dieii&.B^yi  fimieiR^  Ife.oQ 
RefieSic^at  Sounds  no  Eccbo.  :  .  .  :  ^  •  ,    ^  ;  j  •  •    n 

I  fay,  (2,)  Upon  a  Body  of  z  fmooth  Sti^fici^s ;  becaufe  if  theSvw^pepf 
the  Corpus  Ohfians  he  unevedv  the  Airby.4w^^^r<?(iff;^jiKilJib?  put.out  of  its 
regular  Motion,  and  the  Sound  thereby  broken  and  extinguiih'd :  So  t^ 
tho'  in  this  cafe  alfo  the  Air'he  beaten  back  agatn,  yet  Sim4\%x\xA  refie^, 
nor  is  there  any  Eccbo.  

I  fay,  (3.)  It  does  Eccbo  more  or  lefs^  xssi  fliew,  that  wjixen  all  tbii^  aix^ 
as  is  before  defcrib'd,  their  is  .ftill  an  iccbomg^  tho'  ic  be  not  always  Ikmk}* 
either  becaufe  the  direS  Sound  is  too  weak  to  he  beafien  quite  hack  9gfii$ 
to  him  that  made  it  ^  or  that  it.  does  return  hooie  to  hida,  but  fo  W9^^ 
that  without  the  help  of  a  good  OtacoufiJck  itcannothe  difcemoi  1  or  i^  hfi 
Itands  in  a  wrong  Place  to  receive  the  refle(ied  Sounds  yfbich  pafies  over  hb 
Head,  under  his  Feet,  or  to  one  fide  of  him  *,  which  therefore  nuy  be  luefuil 
by  a  Man  Handing  in  that  place,  where  the  refle&ed  Sound  will  con^e^  pro- 
vided no  interposed  Body  does  intercept  it ;  but  oot  by  him.  that;,  fiift 
made  it.  , .  . 

Thefe  Eccboes  (like  RjefUEled  Vifion)  may  be  feveral  ways  prodnced^  as; 

1.  A  Plane  Corpus  Olfiarn  refleSs  tbe  Satmd  bade  in  its  due  Tmc  md'Lo$i* 
nifs ;  if  allowance  be  made  for  the  porportionable  Decreafe  of  the  Simi,^ 
cording  to  its  Diftance. 

2.  A,  Comex  Corpus  Objians  repels  the  Sot^  (infenfiUy)  fniaUer :  but 
fomewhat  quicker  (tho*  weaker)  tlwn  otherwife  it  would  be. 

3.  A  Concave  Corpus  Ok^ns'eeccboe^. hack  ti;it&mHd  (v^^  bigger, 
flower,  (tho*  ftronger)  and  alfo  inverted  5  but  never  according  to  the  or- 
der of  Words.    Nor  do  I  think  it  poffible  for  the  Art  of  Man  to  contrive 
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a  fingle  Eccbo^  that  fhall  invert  the  Sound  and  repeat  backwards  \  becaufe 
then  the  Words  lafi  fpoken,  that  is,  which  do  laft  occur  to  the  Corpus  Obflans^ 
mpft  firft  be  repeWd\  which  cannot  be.  For  where  in  the  mean  time  fliould 
the  firft  Words  hang  and  bC'  conceal'd  or  lie  dormant?  Or  how,  after  fuch 
a  Paufe  ht  revived  and  animated  again  into  Motion  ?  Yet  in  complicated  or 
compound  Eccboes^  where  many  receive  from  one  another,  I  know  not 
whether  fomething  that  way  may  not  be  done. 

From;  this  determinate  Concavity  or  Arcbednefs  of  thefe  refleSiing  Bodies^  it 
comes  to  oafs,  that  fome  of  them  from  a  certain  Diftance  or  Pofiture,  will 
iKcbo  back  out  one  determinate  i\fe/^,  and  fropi  ho  other  Place  will  they  re- 
verberate any;  becaufe  ot  the  undue  Pofition  of  the  founding  Body,    Such 
an  one  (j|sl  remember)  is  the  Fault  in  Merton  College  mOxford, 

4.  STA^  Ecbo^  Bodfj  being  removed  farther  off,  reflets  more  of  the 
Smnd^  than  when  nearer.  And  this  is  the  Reafon,  why  fome  Eccboes  repeat 
but  one  Syllable,  fome  one  Word,  and  fome  many. 

5.  Ecboing  Bodies  may  be  fo  contrived  and  placed,  as  that  refieSling  the 
Sound  from  one  to  the  other,  either  direHly  Bnd ^mutually ^  or  obliquely  and 
by  Succeffion,  out  of  one  Sound  flti^XX  many  Echoes  ht  begotten;  which  in 
the  firft  Cafe  will  be  all  together  and  fomewhat  involved  orfwallow*d  up  of 
«ch  other  5  and  thereby  confufed  (as  a  Face  in  Looking-Glaffes  obverted  ;) 
in  t^e  other  they  will  be  difblnA,  feparate  and  fucceeding  one  another,  as 
moft  fuuU^leEcboes  do. 

Moreover,  a  multiple  Echo  may  be  made,  by  fo  placing  the  Ecboing  Bo- 
dies^  fA  unequal  Diftances,  that  they  refleS  all  one  way,  and  not  one  on 
the  other  ^  by  whiclv  nieans  ^  mantfold  JucceJJive  Sound  will  be  heard  (not 
without  Aftonifliment  -,  one  Clap  of  the  Hands  like  many  5  one  Ha  like  a 
Laughter  \  one  fingle  Word  like  many  of  the  fame  ^one  and  Accent  y  and 
fi>  one  Viol  like  many  of  the  fame  kind,  imitating  each  other. 
'  Furtho'inore,  Ecboing  Bodies  may  be  fo  ordered,  that  from  any  one  Sound 
given,  they  (hall  produce  many  Echoes  different  both  as  to  thejr  Tone  and 
iitention.  By  this  means  a  muficalRoom  may  be  fo  contrived,  that  not  only 
Me  Injtrument^  played  on  in  it,  (hall  feem  many  of  the  fame  Sort  and  Size  % 
but  even  a  Concert  of  (fomewhat)  different  ones ;  only  by  placing  certain 
Echoing  Bodies  fp,,  as  that  any  Note  (played)  fhaJl  be  returned  by  them  in 
^ds^  gibsj  and  Stbsj  which  is  not  poflible  to  be  done  otherwife  than  was 
mentioned  before  in  refraffed  Audition. 

I  have  been  thus  large,  that  I  might  give  you  a  little  Profpe£t  into  the 
Excellency  and  tJfefiilnefs  of  Acouflicks^  and  that  thereby  I  might  excite 
Gthens  to  b^nd  dmr  Thoughts^  towards  the  makihg  of  Experiments  for  the 
compleating  this  (yet  very  Imperfedt  tho*  Noble)  Science -jZ,  Specimen 
whereof  I  will  ^ve  in  thefe  three  Problems. 

Ptob.  L]  To  make  tbeleqfi  Sound  {fy  tbe  help  of  Inflruments)  as  loud  as  tbe 
ireat^%  a  fybifjper  to  become  as  loud  as  tbe  Shot  of  a  Cannon. 

Prob. 


By  the  help  of  this  Problem  the  moft  minute  Sounds  in  Nitiire  tmy  be 
clearly  and  diftinAly  heard. 

Prob.  II.  To  propagate  any  {ihe  kafi)  Sound  to  the  greateft  Diftance. 

By  the  help  thereof  any  Somd  may  be  conveyed  to  any  and  therefore  heard 
at  any  Dijlance^  (I  muft  add,  within  a  certain^  tho'  very  large  Sphere.) 

Moreover  by  this  means  a  Weather-Cock  may  be  fo  contrived,  as  that  with 
an  ordinary  blaft  of  Wind  it  fhall  cry  (or  whittle)  loud  enough  to  be 
heard  many  Leagues.  Which  haply  may  be  found  of  fome  Ufe,  not  only 
for  Pilots  in  mighty  tempeftuqus  Weather,  when  Ught  Houfes  are  rendered 
almoft  ufelefs  :  But  alfo  for  the  meafuring  the  Strength  of  Winds,  if  allow- 
^  ance  be  made  for  their  different  Moifture.     For  I  conceive.  That  the  more 

dry  any  Wind  is,  the  louder  it  will  whittle,  -deterk  pariiuf^:  I  fay,  catms 
paribus^  becaufe,  befides  the  flrength  and  drynefs  of  Winds  or  Breath,  there 
are  a  great  many  other  things  (hereafter  to  be  confider'd)  that  concur  to 
the  increafe  of  magnifying  of  Sounds^  begotten  by  them  ih  an  Inftrument  cx- 
pofed  to  their  Violence,  or  blown  into. 

Prob.  III.]  That  a  Sound  may  he  convefd  from  one  extreme  to  the  other  {or 
from  one  diflant  Place  to  another)  fo  as  not  to  be  heard  in  the  middle. 

By  the  Help  of  this  Problem  a  Man  may  talk  to  his  Friend  at  a  very  con- 
fiderable  Pittance,  fo  that  thofe  in  the  middle  Space  ihail  hear  nothing  of 
what  pafTed  betwixt  them. 
^4-  '97'  I  (hall  here  add  a  Semiplane  of  an  Acouftick  or  Phonkal  Sphere^  as  an  At- 

tempt to  explicate  the  great  Principle  in  this  Science^  which  is  iHxt  Progref 
Jion  of  Sounds. 

You  are  to  conceive  this  (rude)  Semiplane  as  Parallel  to  the  Horikon^  for, 
if  it  be  Perpendicular  thereunto,  I  fuppofe  the  upptr  Extremity  will  be  no 
longer  Circular,  but  Hyperbolical^  and  the  lower  part  of  it  fuitcd  to  a  grea- 
ter Circle  of  the  Earth.  So  that  the  whole  Pbonicdl  Sphere  fif  I  may  fo  call 
it)  will  be  a  folid  Hyperbola^  ftanding  upon  a  Qmcofoe  Spherical  Bafe.  I  fycain 
this  concerning  Sounds  niade  (as  ufually  Aey  are)  nigh  the  Earthy  and  whole 
fonorous  Medium  has' a  free  Paffage  every  way.  .  For  if  they  are  generated 
high  in,  the  Air,  or  diredted  one  way,  the  Cafe  will  be  difiefent  j  which  is 
partly  defigned  in  the  Inequality  of  the  Draught.         '    . 

XXIII  A  Paper,  oflefs  General  Ufe^  omitted,  wz. 
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XXIV.  Accounts  of  Books  and  Additions,  omitted^ 

i.T^^EniiFercuffimis^  Joh.  Alphonf.    Borelli.  Bononiae,  1667.  i« 4/^.     o.  3^.^6^^. 
I  3     2.  He  Motionibus  i  Gravitate  dependenlibus  Liber ^  Jo.   Alphonfi*^- ^^^  ?•»"<'• 
Borelli,  in  Academia  Pifana  Matbefeos  i^rofefforis,   Regio  Julio  1670.  in  4/(7. 

3.  Dialogi  Pbvfici^  quorum  Primus  de  Lumine-^  Secundus  fcf  Tertius  de  Vin.67.jp.  »on. 
Percuffionis  fcf  Motu  \  ^ffrtus  de  Humoris  Eievatione  per  Canaliculum ;  ^f»- 

tus  (^  Sextusde  Variis  SeieSlis.    Auib.  Honor.  Fabry,  5.  ^efu.  Lugduni  Gal- 
lianm.  1669.  i«  8w. 

4,  Mechanica,  >5w  de  Motu,  TraSatui  Ceomeiricus,:  Auib.  Jo'a.  Watlis,ii.^f.^ii^. 
B.S.  Tb.  D.  Londini,  1670.  1671.  «i  4/^.  TA^  Author  bere  makes  J^w^n.^t^;' 
Additions  /d?  Prop.  L  Chap.  XV.  p.  753.  concerning  $be  Center  of  Gravity  ofnlzy^lf^^' 
the  Hyperbola. 

,5.  Exercitationes  Mechmica^  Alexaridri  Marchetti.  Pifis,  1669.  in  \io.     n.^.ju«x)s" 

6.  De  tUfiftentia  Zdviorun^  Alezandri  Marchetti  in  Hfana  Academia  Pbil.n.u,p.4oso. 
Prqf.  FlorcntiflB.  1665.  in  4/^. 

7'  i^potbefisy  Phjfica  nova^  five  Tbeoria  Motus  Concreti,  una  cnm  Tbeorid An* p. zti^. 
Motus  Abftra&i.     Aafb.  Gothfredo^  Ggltehno  Lebnitio.    y.  y.l).  Load. 
1 62 1  in  i2'.     Of  f  bis  Book  Dr.  Wallis  bere  gives  bis  Opinion.  D.y4.p.%%%f. 

8«  La  Siatique  ou  la  Science  de  Forces  Mouvantes,  far  le  P.  tgnace  Ga-n.94^.6o4a. 
^oa  Pardies,  S.  J.  a  Paris  1673.  in  la*.    Tbe  jtrft  Pars  h^n£  ofLxKsX  Mo- 
tion.    PHmedat  P^ris,  1670.  was  Engliflied  W  printed  ai  London^  tben.6s.p.i 
fime  tear^  in  \%\ 

9.  Chnftiani  Hugeiui  2ulidietnu  BoroIogiumOfcitlatorium.  I^arifiisi  I673,.a•9^^< 
iwFol. 

10.  ^  Difcourfe  made  before  tbe  Royal  Society  cmtcermng  tbeUfeof  fXipIi-n.  109.^.  Mf» 
cate  Proportion  in  findry  ifnportant  Particulars  i  together  wiib  a  New  Hypo- 
thecs c/ Elaftique  or  fpringy  Bodies :  By  Sir  William  Petty. 

11.  Traite  di la  Percuflion  ou  Choq  des  Conps^  (^c.  par  ML  MarfiottCs  4^ a*  134  ^ ^Tf* 
r  Academic  Royal  des  Sciences. .  A  Paris,  1073.  in  12*. 

12.  Pbilofiadbi^  Nafuralis  Principia  Matbmatica. .  Autbore  Tt.  Newton«•»•l•^*•»• 
Ltmd.inVo  ^^  o.aa.,.44S. 

13.  Traiie  de  Mouvement  dts  Eaux  &  des  autres  Corps  Fluids^  Parfeun.  181.^.191. 
M.  Mariotte,  d  Paris,  1686.  in  ivo.  ^  .  ^• 

14.  Mecbanick  Mxerd/es-p  or^  The  Dodlrme  of  Hantfy  fToris.  By  Mr.n.vji^jhf&p^ 
Jof.  Moxon.    Lond.  1677,  in  ^0.  ■•  ^99*t^\ 

15.  Tbe  Speaking-Trumpet,  «f  it  bafb  been  contrived^  and  Puilijhed^  fyt^rf't^M^* 
Sir  Samuel  Moreland  y  together  with  its  Ufes  both  at  Sea  and  latid.    Lond. 
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C   H   A  P.    VI. 

Hydrofiatkh.     Hydraulich. 

Tky^gh  nrstir,  I.  I.  r¥^  AKE  a  Viol  with  a  very  narrow Bo(fyj  and,  when  it  is  almoft  fiill» 

5*"**^^"!^*.  X     ^  Water  is  to  be  dropt  into  it,  drop  by  drop,  till  it  can  hold 

ji  MiJ  Areo-'  no  more.     Then  weigh  it  exadtly,  and  deduft  the  weigbi  of  the  empty  Viol. 

SiHiiSerg.       2.  A  is  a  Glafs  Bottle  like  a  little  Matracium^  of  which  the  Ned  BC  is 

a.  s6&.^  530.  fo  fmall  that  a  drop  of  Water  therein  takes  up  the  Space  of  5  or  6  Lines  ^ 

'  *ii-^^**    near  that  iVJf^ifc  is  a  little  Capillar  Tube  D,  about  6  Lines  bng,  and  Parallel 

'  to  the  Neck  B  C ;  the  opening  B  is  a  little  dilated,  in  the  Fafhion  of  a  Tun- 

^  nel,  for  pouring  more  eafily  the  Liquors  into  the  Bottle,  and  the  little 

*  Tuble  D  is  for  giving  a  way  to  the  Air  contained  in  that  Veflcl  to  go  out, 

when  the  Liquor  is  poured  in  at  B  ;  the  Point  C  is  a  little  Mark  at  the  fame 

height  as  the  end  of  the  little  Tube  D. 

When  we  fill  the  Veffel,  we  pour  the  Liquors  into  iu  by  the  opening  B, 
until  it  goes  out  by  the  little  Tube  D,  and,  if  the  Height  of  the  Liquor  is 
even  to  the  Mark  C,  'tis  well  5  if  it  is  lower,  ^we  muft  fill  more  to  that 
^.  Point ;  if  it  is  higher,  we  muft  ftrike  foftly  upon  the  opening  B,  till  the. 

Overplus  of  the  Liquor  be  even  to  the  Point  C  in  the  fieck  of  the  Bottle. 
By  that  means  we  have  always  exaftly  the  fame  Vokme  of  Liquor^  and  we 
can  know  how  the  fame  Folume  of  the  leveral  Liquors  weighs  more  one  than 
pother  precifely.  But  we  muft  confider  the  variation  of  the  Weather,  when 
we  compare  the  weight  of  a  Liquor  which  we  weigh  in  Summer  time,  with 
the  weight  of  another  which  we  have  weighed  in  the  Winter  j  for  the  lame 
.  .  ^  Liquor,  being  more  rarified  in  the  hot  time,  and  condenfed  in  the  cold,  the 

fame  Volume  of  it  will  be  more  weighty  in  cold  Weather  than  in  warm. 

ATHfm EIP9        n.  I.  Many  Yeaiis  ago  I  made  ufe  of  a  little  Glafs  Inftrument^  confifting 


k^H  Bof^     ^^^  Bubble^  and  furnifhed  with  a  long  and  flender  Stem  to  compare  thc^t 

^MhW'    ^ifi^^  Gravities  oi different  JJquors  by  its  more  or  lefs^«if»^  in  them:  And  I 

*•  "5-  p-  3»^  have  fuice  employed  it  to  difcover  the  fpecifick  Gravities  offeveral  Solids^  ap^ 

*  ^^'      fended^  by  its  being  more  or  lefs  depreffed  by  them  in  thtjame  Liquor.    For 

'tis  clearly  deducible  from  the  Grounds  of  Hydrojiaticksj  that  any  folid  Body 

heavier  than  Water,  lofes  in  the  Water  as  much  of  the  weight  it  had  in  Air, 

as  Water  of  equal  Bulk  to  the  immerfed  Solid  would  weigh  in  the  Air  5 

and  confequently,  fince  Gold  is  by  far  the  moft  ponderous  of  Metals,  a  piece 

of  Gold,  and  one  of  equal  Weight  of  Copper,  Brafs,  or  any  other  Metal, 

being  propofed,  the  Geld  muft  be  lefs  in  ouUc,  than  the  Copper  or  Brals. 

And  by  this  means,  if  both  of  them  be  weighed  in  the  Water,  the  Gold 

muft 
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muft  lofe  in  that  Liquor  lefs  of  its  former  Weight  than  the  Brafs  or  Copper ; 
bccaufe  the  bafer  Metal,  as  well  as  the  Gold,  grows  lighter  by  the  weight  of 
a  bulk  of  Water  equal  to  it :  and  the  bafer  Metal  being  the  more  volumi- 
nous, the  correfpondent  Water  muft  weigh  more  than  that  which  is  corre- 
fpondent  to  the  Gold.  Whence  I  concluded,  that  the  floating  Inftrument 
abovementioned  would  be  made  to  fink  deeper  by  an  Ounce,  for  Inftanceof 
Gold,  hanging  at  it  under  Water,  than  bv  an  Ounce  of  Brafs,  or  any  other 
Metal,  which,  by  reafon  of  its  greater  Bulk  than  Gold,  lofing  more  of  its 
weight  by  the  Immerfion,  muft  needs  retain  lefs,  and  fo  have  lefs  power  to 
deprefs  the  Inftrument  'twas  fattened  to.  Which  Conclufion  will  alfo  hold 
(tho*  the  Difparity  be  not  fo  great  and  confpicuous)  in  reference  to  other 
Metals,  as  Lead  and  Tin,  that  differ  in  fpecifick  Gravity . 

This  InftrumetU  may  be  of  Glafsj  Copper^  Silver^  or  almoft  any  other  fo- 
lid  Bodjf^  that  is,  or  may  be  made,  fit  to  float  on  the  Water,  with  a  Guinea^ 
6?r.  banging  at  it,  and  of  a  Texture  clofe  enough  to  keep  out  the  Water. 
It  confifts  of  three  Parts :  The  BaU  or  Globulous  part  -,  the  Stem  or  Pipe^ 
and  that  which  holds  the  Coin. 

The  Ball  or  Round  part  of  BCD E  (if  oi Metal)  confifts  of  two  thin  Bg.ts^ 
concave  Plates,  exaftly  loldered  together  in  the  middle ;  and  at  the  diftanteft 
parts  from  the  Commmure,  there  ought  to  be  left  two  oppofite  Holes^  one  in 
each  Plate,  for  the  two  other  parts  of  the  Inftrument.  This  middle  part, 
tho'  for  Brevity's  fake  we  name  it  the  BaU,  ihould  not  be  eza&ly  round  ; 
but  of  any  Shape  that  fhall  be  found  fit  to  make  the  Inftrument  keep  to  its 
ereA  pofture  fteadily  in  the  Water.  It  muft  contain  as  much  Air  as  may 
ferve  to  keep  the  whole  inftrument^  when  loaded,  from  (inking  beneath  the 
top  of  the  Stem. 

The  Stem  A  B  is  to  be  foldered  on  to  the  Ball  at  the  uppermoft  of  the 
two  mentioned  Holes.  It  may  be  either  hollow  or  folid :  But  it  ought  to  be 
made  very  flender,  that  the  difierent  Depreflions  of  the  Inffarument  in  the 
Water  may  be  the  more  notable.  And,  for  the  fame  reafon,  it  ought  not 
to  be  too  fhort,  efpecially  if  it  be  to  be  applied  to  other  Ufes  than  ue  Ex- 
amining of  Guineas. 

At  the  undermoft  of  the  two  Holes  in  the  BaSj  is  inferted  and  folder'd  i%.  tss. 
the  undermoft  part  of  the  Inftrument^  which  I  call  the  Screws j  or  the  Stirrup. 
The  Screw  F  is  a  very  fliort  Piece  of  Brafs  with  a  broad  Slit  in  it,  capable 
of  receiving  the  Edge  of  the  Guinea^  which  with  one  turn  or  two  of  a  fmall 
and  flight  lateral  Screw  may  be  kept  faft  in  it*  and  readily,  the  Operation 
being  ended,  taken  out  again.  The  Stirrup  G  is  made  of  a  piece  of  Wire, 
that,  a  little  beneath  the  bottom  of  the  BaU^  is  bent  round,  fo  as  to  ftand 
Horizontally,  that  the  Guinea  may  be  laid  on  it. 

It  would  be  convenient,  that  the  undermoft  Stem  and  the  Screw  he  made  by   ffc.  196. 
itfelf,  that  it  may  be  at  pleafure  thruft  upon  the  Stem,  and  uken  off  ^ain. 
For,  by  this  means,  if  the  Ball  of  the  Inftrument  be  made  large  enough,  you 
may  have  rooni  to  put  on  for  Ballaft,  as  occafioh  (hall  require,  one,  two,  or 
three  flat  and  round  pieces  of  Copper,  Lead,  (Sc.  with  each  of  them  a  Hole 
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in  the  tMik  fitted  to  the  Size  of  the  Stern^  Ho  thtt  thej  may  be  put  o^,  a? 
near  the  lower  part  of  the  Ball  as  you  think  fit,  and  then  the  Screw  may  be 
thruft  on  after  them,  not  on]y  to  take  Hold  of  the  Coin  or  metalline  Mix* 
ture  to  be  examin'dy  but  to  fupport  the  thin  Plates. 

To  adjuft  this  InftrumerU  for  the  ufe  of  examining  Guineas^  which  are  by 
far  the  moft  ufual  Gold  Coins  that  pals  in  England^  you  muft  by  the  help  of 
the  Stirrup  or  Screw^  hang,  at  the  bottom  of  it,  a  piece  of  that  Coin  which 
you  know  to  be  genuine,  and  having  carefully  ilopt  the  Orifice  of  the  Stem 
(if  it  be  a  Pqpe)  that  no  Water  may  gqt  in  at  it,  immerfe  the  Inftrument  lei-  . 
furely  and  perpendicularly  into  a  Veffel  full  of  clean  Water,  'till  it  be  depr^ 
almoft  to  the  top  of  the  Stem,  and  then  letting  it  alone ;  if,  being  fettled,  it 
continue  in  the  fame  Station  and  Pofturc,  your  work  is  done,  if  it  emerge, 
you  muft  add  a  little  weight  to  it,  eidier  by  putting  into  the  SUm^  if  it  be 
Hollow,  fome  Puft  Shot,  Filii^  of  Lead,  or  fome  other  minute  and  heavy 
Body,  or  elfe  by  putting  on  the  fliort  Stem  abovementioned,  that  comes  out 
beneath  the  Ball^  z  flat,  round  and  perforated  piece  of  Lead,  of  Wdrfit  fitf- 
ficient  to  enable  the  Guinea  to  deprdfs  the  Weight  as  low  as  'tis  defired :  But, 
if  it  fink  qiMte  under  Water,  ypu  muft  lighten  it  either  with  a  File,  or  by 
fcraping  or  grating  off  a  lilide  of  the  Ballaft  Plate  abovementioned ;  or,  if 
you  have  put  any  Weight  into  the  Cavity  to  poize  it,  by  taking  out  ^me  of 
that,  till  you  have  made  it  light  efiough:  This  being  don^  a  Mark,  EL,  is 
to  be  made  jnft  at  the  place  wh^i^  tho  3iuface,  of  thi^  Water  tcHiches  the 
Fig.  193.  Sim^  and  then  taking  oMt  your  Injrumm^^  fiibftitutc,  in  the  place  of  your 
i%*  >94«  Gmne^  a  litde  round  Plfrt:e  of  Bra&,  of  tha  fame  Weight,  or  a  Grain  or  two 
heavier,  in  tjie  Air ;  4n4  putting  the  Jn^rument  intQ  the  Water,  ^s  befor^ 
fuffer  it  to  Settle,  and  make  another  Mark  I,  at  the  Interfeftion  of  the  Step 
and  the  Horizontal  Surface  of  the  W^ter. 

There  may  (tho*  'tis  lik^  there  very  feldom  will)  h^pen  a  C^fe  whercy 
in,  tho'  the  Frinqiple  ouf  Infirummt  is  framed  on,  wiU  hold  good,  yet 
the  Pra<5tical  Applit{aHm  may  bq  Ublbcure.  For,  if  a  Taljifier  of  ^nt'^  have 
the  Skill,  by  W^^g  of  otherwift,  to  fake  off  much  of  the  C^antity  or  Sub- 
ftance  of  the  Gi^a^  without  altering  or  impairingeither  the  Fif^r^  ox  Stamps 
the  piece  of  Coin  will  n0t  be  able  to  depreis  our  Ipftrument  to  the  ufual 
Mank,  and  may  thereby  m^ke  it  to  be  judged  Counterfeit^  when  'tis  indeed 
but  too  Ligk$^  But  it  preljpndy  (hews,  that  the  propoied  Guineas^  if  it  be  not 
Counterfoity  is  Qtherwif<p  ^h/id ;  and,  tho*  it  does  not  dearly  determine, 
whether  flhmciikewife  proceed  from  the  want  of  Specijick  Gravity  ip  the  Me- 
fill,  or  from  the  Ccrnis  ip^ving  been  'wafhed^  or  otherwife  fraudulently  lejfen^ 
a/;  yet  it  probably  relblvcs  the.  doubt,  becaufe,  if  the  want  of  Weight  ap- 
pear by  the  Inftrument  to  be  very  great,  as  it  ufually  does,  where  the  piece 
^as  been  robbed  of  fofne*  of  its  Subftancc,  *tis  a  ftrong  Prefumption,  th« 
*tis  rather  W^/bedy  6?^.  than  CannUrfeited.  However,  it  will  be  furc  to 
pcompt  him  that  ufes  it^  to  ensf^y  the  Balance,  which  will  prefcntly  afllft 
nim  to  refolve  his  Doubt.  For  if  the  Sufpe£led  Coin  have  in  the  Air  its 
due  Weight)  'twiU  argM  tiMt  the  great  Lightneis  of  it  in  the  Water  pro- 
ceeds 
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^ceeds  from  its  ifot  being  of  the  requifite  Finends  *,  and,  if  it  want  much  of 
its  due  Weight  in  the  Air,  'tis  very  probable,  that  *tis  fVafied^  ^c.  rather 
of  another  Metal  than  Gold. 

Any  other  kind  of  Gold  Coin^  th^  is  near  about  the  Weight  of  a  Guinea^ 
may  be  examined  by  our  Ifi/irumaif  after  the  Manner  above  deUver'd.  If 
th^  Coin  he  heavier  than  a  Guinea j  a$  is  a  twenty  Shilling  piece  of  Broad 
Gold^  the  Ballafi^  whether  internal  or  external,  of  die  Iti^rument^  muft  be 
taken  off,  that  fo  heavy  a  Coin  may  not  quite  fink  it  But,  if  it  be  lighter 
tbap  a  Giuneaj  one  may  add  as  much  Gold  (of  the  fame  Alloy)  beaten  into 
thin  Pktes,  as  with  the  Coin  propofed,  will  make  up  in  the  Air  the  Weight 
of  a  Guinea.  For  then  this  Aggregate,  being  examined,  as  if  it  were  a  Guinea^ 
will  difceyer  in  the  Water,  whether  the  Coin  be  Right  or  Counterfeit. 

This  Infirumeni  m^y  b^  alio  mode  to  £^rve  to  examine  fome  forts  of  white 
A^ney^  Icfk  heavy  tb^  Half-Crowns.  And,  becaufc  it  may  be  ufeful  to  know 
>ft  Geneial,  what  Coin9  m^y,  4nd  what  may  noc,  be  examined  by  this  op  that 
fKurticul^r  Jnfirument  propofi^d,  I  ihaU  hsre  add  9  general  way  that  is  not  dif- 
ficult for  finding  this  out^  mmely,  firfl  by  Weiring  the  piece  of  Gold  or 
Silver  in  the  Air»  and  afterwards  in  the  Water,  and  Subtracting  the  latter 
from  the  former,  to  pbtain  th^  Difference  of  the  two  Weights :  And  nett Jby 
We^^hing  alfo  in  the  Air  and  in  the  Wafsr  a  piece  ai  Copper  or  Brafs,  If 
tiii9  be  the  likflieft  joo  t)e;emplo)red  ip  Omterf siting  the  Coin^  and  ob&rving 
liliewifci  the  Di^eren^e  b^^^  ih^e  Weights.  For^  if  the  leffer  of  thefe  DiflSs^ 
raWQ»^^>fh%&bd^Q4itVD0a  tl^^  ihew,  how  much 

the  true  piece  of  Ci»n  i^}l  OUt^weigH  thp  Dther  in  the  Water,  aad  coof(^*- 
qQ^fly,  H  fi>  Qiarry  Graiiis,  as  thi&f^fidue  atnou{tf$  to,  being  added  tp  the 

*  Wei^  of  the  lig^r  Mti^^  da  ni^  a  fufficiently  xnai^M^^it  Depr^ffipn  of 
in  Wk)w ^  Mark  it  would  'ftay  a(  wi^tout duit:  Addition),  onemay probably 
coQciude,  thatf  the  difference  btlw^rn  a  True-and  Coif^a-feit  piece  of  Com 

I  propofisd,  will  be  diicdVf table  by  ^  the  I^rument.  Byt  it  may  be  ^gxpedienc, 

*  &F  thofe  that  have  frequent  Occ^ifions  to  examine  various  forts  of  Coin^ 
,  a&  ^ave  a  feyeral  fyj^ummt  ad^tlftf 4 J^r  ea^h  of  (hfm,  to  fave  themfelv^ 
■  l^Bie.Pains  and  Trouble, 

Sfifiik  this  Infirtmtnt^  l?aF6  ?Viim^.  be;  c^rtaMy  d^^giiuMhM  from  fuch 
as  is'  adokeratol.  For,  as  Gold^  being  th&  jtW^ifft  9f  Moti^ls,  canaot  be 
aliay'd  by  any  ocher  that  will  in^t  deprefsour  I^firument  leis  than  G^/^  can 

I  de  ^  fo7V;i,  being  the  jightfft  qf  Metals,  cannot  bf.  miac^d  with  any  other 

'  :that  will  not  fink  it  lower  than  ynmi^'d  ^^,  (ftiU  iiippofing  the  Weight  tp 
be  the  fame  in  the  Air.)  >  '. , 

I  After  the  fame  manner  may  Pester  .be  cop^parM  and^  eafisnuA'd*.  J^r,-  har 
ving  once  obferv'd  how  much  the  Infirtment  i$  depr-eft  by  a^  piece  of  two, 
three,  or  four  Drams,  or  even  an  Ounce  Weigbi^  ofc  Pewttr^  which  is  knowfi 
to  be  goody  afid  to  conSiin  fucb  a  piK3poi^tion  4>f  I^ad^in  i^elerence  to.the  Tin, 

if  you  load  the  7>{y?fw«i^«/  with  an  eq^^ly.Hcavy  pi^^aof  any  other  Mafc  of 
Pe^joter  propounded,  if  the  Infirufnent  &s^  Ae^v^  f^iJib^  a  £gn  t^at  the 

^orixier  Proportion  of  Lead  may  be  very 'probably,  argued  to  exceed  in  the 

mixture ; 
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mixture ;  I  fay  probably,  becaufe  perhaps  *tis  poflible  to  embafe  Pervier  by 
mixing  not  only  Lead,  but  other  Mineral  Subftances,    whofe  Specijick  Gra- 
1  vity  is  not  well  known :  But  vet  I  fay  very  probably,  becaufe  the  Addition 

f  of  too  much  Lead  is  the  moft  Gainful  way  of  Adulterating  Pewter. 

•  This  Injirument  may  alfo  affift  us,  to  make  fuch  an  Eftimate  as  will  not 
much  deceive  us  of  the  Finenefs  of  Gold  and  its  differing  jUlofs  with  Silver, 
or  fome  other  determinate  Metal. 

In  order  to  this,  the  Injirument  may  be  fitted  to  fink  to  the  tip  of  the  Pipe 
with  fome  determinate  Weight  of  the  Fineji  Gold^  as  of  24  Carats^  as  they  call 
that  which  is  moft  Pure  and  Fine.  But  'twill  be  convenient,  that  this  Metal, 
in  the  Air,  be  juft  an  Ounce,  or  half  an  Ounce,  or  fome  fuch  Determinate 
Weight,  that  is  commodioufly  Divifible  into  many  aliquot  Parts-  Then 
you  may  make  a  Mixture,  that  contains  a  known  Proportion  of  the  Metal 
wherewith  you  allof  i3ntGold\  as  if  it  hold  19  or  15  parts  of  Gold^  and  one 
of  Silver ;  and,  letting  the  Injirument  fettle  in  the  Water,  mark  the  place 
where  the  Surface  of  the  Water  cuts  the  Stem  or  Pipe.  And  then  putting  in 
another  Mixture,  wherein  the  Silver  has  a  new  and  greater  Propomon  to 
*  the  Gold\  as  if  the  former  be  an  i%tb  or  t^h  part  of  the  latter,  you  may 
obferve,  how  much  lefs  than  before  this  deprefles  the  Injirument ^  and  fo  you 
may  proceed  with  as  many  Mixtures  or  Degrees  of  Alktfs  as  you  think  fit, 
or  can  be  difbinguiih'd  conveniently  on  the  Stem ;  being  always  careful, 
that,  whatever  be  the  Proportion  of  the  two  Ingredients,  the  Weight  (tf*  the 
M^s  in  the  Air  be  juft  the  fame  with  that  of  the  Pure  Goldt  which  we  may 
have  lately  fuppofed  to  be  an  Ounce,  or  half  an  Ounce. 

By  the  fame  Method  may  be  examined  the  diflTering  Me[fs  of  Pure  Siherj 
upon  the  Admixture  of  fuch  and  fuch  determinate  Proportions  of  Copper,  or 
tay  other  Metal  lighter  in  Specie  than  Silver ;  and  bv  the  fame  way,  widi  a 
flight  Variation,  'twill  not  be  difficult  to  eftimate,  now  much  divers  Coins^ 
whether  of  Silver  or  Gold^  are  more  or  lefs  cmbas'd  by  the  known  ignobkr 
Metal  that  is  mix'd  in  the  piece  propofed.     Thefe  Eftunates  (which  may  be 
made  without  much  Trouble)  will  come  nearer  the  Truth,  not  only  than 
the  Eftimates  wont  to  be  made  by  the  TaucL-Stone^  but  perhaps  too,  thaa  1 
fome  of  thofe  that  divers  make  with  Trouble,  Inconvenience,  and  Charae.    J 
It  maybe  alfo  employed  to  examine  other  Mixtures  befides  AUafd  Oms^ 
and  that  if  the  Injirument  be  adjufted  to  an  Ounce,  for  inftance,  of  Pur 
Copper,  it  may  help  Men  to  make  an  Eftimate  of  the  Miy  of  Tin^  or  tfa 
Quantity  of  it  that  is  oftentimes  added  to  Opper^  to  make  diflferent  Son 
of  Bell-Metal^  and  of  thofe  Metalline  Specula^  whether  Plane  or  Concave 
that  are  call'd  Steel  Glafles,  as  alfo  of  Solders  confifting  of  certain  Ptopor 
tions  of  Silver  and  Brafs,  or  Copper ;  in  all  which,  and  divers  others,  tfa 
Difcovery  of  the  Proportion  of  the  Ingredients  may,  on  fome  Occafions>  b 
ufeful  to  Tradefmen,  as  well  as  defirable  to  Virtuofi.    And  tho'  I  have  ofa 
fcrved,  that  by  Mixture,  Tin  and  Copper  acquire  a  Specific  Gravity  fom 
what  differing  from  what  their  Ingredients  promife  \  yet,  fince  the  /^fn 
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mentis  to  be  fitted  for  fudi  Eftimates,  not  by  C^lcuUtion,  but  hy  Trials, 
the  Eftimates  may  be  made  near  enough  to  the  Truth. 

2.  Long  fince  1  took  Notice,  how  light  and  Silver- like  the  Pewter  was,  ^«'«*^  f*^- 
which  defcended  to  us  ;  but,  as  foon  as,  to  follow  the  Fafhion,  we  chan^  oTni^.'/Vi' 
it*  the  Weight  and  the  very  Colour  was  altered  ;  and  is  in  every  Change 
more  and  more  embafed.  And,  if  bur  Siher-Stniths  hold  on  their  degra- 
ding Mixtures,  I  fhall  queftion,  whether  our  Silver-Plate  may  not  fhortly 
come  down  to  approach  pur  Fore-Fathers  Pewter :  I  mean,  in  the  Coun- 
try, where  'tis  never  or  feldom  tried. 

HI.  A  Glafs  Bubble,  of  about  the  Bignefs  of  a  Pullet's  Egg,  was  purpofely  tih  H^eigut  4 
blown  at  the  Flame  of  a  Lamp,  with  a  fomewhat  long  Stem  turn'd  up  at?5S^ %??[«''* 
the  End,  that  it  might  the  more  conveniently  be  broken  off.  This  Bubble  if./o!^^  6ooi« 
being  very  well  heated  to  rarify  the  Air^  and  thereby  drive  out  a  good  part  of 
it,  nimbly  fealed  at  the  End,  and,  by  the  help  of  the  Figure  of  the  Stem, 
was  by  a  convenient  Weight  of  Lead  deprefled  under  Water,  the  Lead  and 
Glafs  being  tied  by  a  String  to  one  Scale  of  a  good  Balance,  in  whofe  other 
there  was  put  fo  much  Weieht,  as  fufEced  to  Counterpoife  the  Bubble,  as 
it  hung  freely  in  the  midft  of  the  Water.  Then  with  a  long  Iron  Forceps  I 
carefully  broke  off  the  Seal'd  End  of  the  Bubble  under  Water,  fo  asno  Bubble 
of  Air  appear'd  to  emerge  or  efcape  thro*  the  Water,  but  the  Liquor  by 
thc^ Weight  of  the  Atmolphere  fprung  into  the  unreplenifli'd  part  of  the  Glals- 
Bubble,  and  filled  the  whole  Cavity  about  half  full  j  and  prelently,  as  I  fore- 
told* the  Bubble  fubfided,  and  made  the  Scale  it  was  fattened  to,  preponderate 
fo  much,  that  there  needed  4  Drachms  and  38  Grains  to  reduce  the  Balance 
to  an  ^Equilibrium.  Then,  taking  out  the  Bubble  with  the  Water  in't,  we  did, 
by  the  help  of  the  Flame  of  a  Candle,  warily  applied,  drive  out  the  Water 
fwhich  othcrwife  is  not  eafily  excluded  at  a  very  narrow  Stem)  into  a  Glafs 
counterpoifed  before  ;  and  we  found  it,  as  we  expcfted,  to  weigh  about  4 
Drachm^  and  30  Grains,  befides  fome  little  that  remained  in  the  Egg,  and 
fome  fmall  matter  that  may  have  been  rarify*d  into  Vapours,  which  added  to 
the  Piece  of  Glafs  that  was  broken  off  under  Water  and  loft  there,  might  ve- 
ry well  amount  to  7  or  8  Grains.  By  which  it  appears  not  only,  that  W  atcr  t 
hath  fome  Weight  in  Water,  but  then  it  weighs  very  near  or  altogether  as 
much  in  Water,  as  the  felf  fame  Portion  of  a  Liquor  would  Weigh  in  the 
Air.  We  repeated  the  Experiment  with  another  feal'd  Bubble  as  big  as  a 
great  Hen-Egg,  with  like  Succefs. 

IV,  Apr.  7.   1 680.  Bemgoff  of  Pantdlara  near  Sicify  in  a  Calm,  IletrA*iVfjw#»f 
down  a  Bottle  70  Fatbm^  ftop'd  with  an  excellent  good  tender  Cork,  well  ^Slf^^*^ 
fitted,  and  the  Cork  came  up  in  the  Bottle  i  full  of  Salt  Water.     The  Bottle  Perfim  Vmo- 
was  again  fitted  with  an   excellent  good  Cork,  but  of  a  Woodinefs  orS?i93.p.  504* 
Hardnefs  as  fome  Corks  are  *,  with  the  which,  being  let  down  in  like  manner, 
the  Cork  continued  in  its  Place*,  but  as  it  were  bruifed.  and  the  Bottle,  as  be- 
fore, about  I  full  of  Salt  Water :  Whereupoa  I  took  a  good  Ox  Bladder, 
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^nd  bound  it  four  fold  over  die  Mouth  of  the  Botrfe^ithbut  any  Cork  at  aH, 
only  I  put  a  piece  of  Leather  to  keep  the  Glafs  from  cutting  the  Bladder  5 
and  fo  ordered,  it  Was  let  down  as  before,  but  taken  up  without  any  Water, 
6r  die  leaft  Moifture  in  it. 

May  18.  J 680.  Being  inaftark  Calm  fome  Leagues  diftant  from  the 
Coaft  of  Soiitb  Spain^  oflf  the  great  Hills  of  Cranada^  we  tpok  a  Botde  and 
clapt  a  Leather  on  the  mouth  of  it,  tying  over  that  a  finglc  part  of  the  Blad- 
der, the  which  we  let  down  75  Fathom^  but  it  came  up  again  entire :  We 
then  made  a  Hole  in  the  Leather,  about  the  bignefs  ofa  large  Pea,  and 
let  the  fame  down  aeain  75  Fathom^  but  it  came  up  perforated  iq  the  va- 
cant place  where  the  Eeather  had  the  Hole  in  it,  and  almoft  full  of  Wiccr : 
we  theo  bound  over  another  part  of  the  Bladder  Angle,  and  let  it  down  but 
30  Fathom^  but  it  came  up  whole  and  entire ;  whereupon  immediately  Wc 
\€i  it  down  50  Fathom^  but  it  came  up  broke  and  full  of  Water.  Tlicn^ 
We  again  fitted  the  Bottle  with  the  fawi  perforated  piece  of  Leather  and  a 
double  Bladder,  and  let  it  dovm  50  Fathom  ;  but  it  again  canic  up  entire : 
So.  again,  immediately  we  let  it  down  75  Fdtbom^  hut  then  it  came  up  bro- 
ken and  full  of  Water. 

June  24.  i68\D.  Being  in  39^  Degrees  of  Latitude^  and  by  the  Ship's  Ac- 
count 150  Leagues  Weftward  of  Fdttu^ly  I  caufed  a  Florence  Flask  to  be 
iVell  Hopped  with  a  Bladder  over  the  Mouth  of  it,  and  lower'd  it  down 
30  Fathom^  but  it  was  taken  up  broken.  Whereupon,  imagining  that  the 
roughncfs  of  the  Lead's  hailing  fo  tender  ^Bddy  fo  violently^thro'  the  Water 
mi^t  be  the  breaking  thereof;  I  caufed  another  Ftajk  in  like  manner  vo  be 
fitted,  and  clofe  by  it  I  tied  likewife  another  Ftajk^  fo  as  to  be  borne  with  the 
Mouth  downwards,  as  were  the  other,  but  whieh  was  not  ftoppM ;  and  thefe 
I  caufed  to  be  taken  up  when  they  had  been  but  10  Fathom  under  Water, 
and  found  them  both  entire  5  but  the  open  l^ajk  almoft  full  of  Water;  the 
which  being  emptied,  were  both  let  down  again  and  taken  up  at  20  fiubom^ 
when  the  open  Flask  wasendre,  tho^full  of  Water,  but  the  other  broken  to 
pieces. 

Jun,  8.  1693.  In  the  Bay  of  5//^^,  when  we  had  100  Fathom  of  Water, 
we  took  a  Quart-Glafs-Botde  ftopt  with  a  large  Cork:  And,  fattening  k  to 
our  Plumbing-Rope  with  the  Lead  at  the  end,  we  funk  it  to  the  Bottmn  of  the 
Sea,  which  as  foon  as  we  perceived,  we  drew  it  up  again,  and  found  the  Cork 
quite  breffed  thro*  the  Neck  of  the  Botde  into  m  Cavity,  and  the  Botde 
full  or  Salt  Sea- Water.  We  repeated  our  Experiment  with  another  Bottle  aftd 
Cork  in  the  fame.manner  as  before;  but,  the  Cork  being  not  found,  the  Sea- 
Water  foaked  thro*  it,  and  the  Botde  was  half  full  of  Water  >  fo  die  Coik 
remained  in  the  Mouth  of  the  Bottle,  not  preffed  down  at  all.  We  repeated 
our  Experiment  a  third  time  in  90  Fathom  of  Water,  with  a  very  found  Cork, 
and  much  larger  than  the  Mouth  of  the  Botde.  We  beat  it  in  with  a  Ham- 
mer as  far  as  it  would  go,  leaving  about  an  Inch  of  the  Cork  above  the  Mouth 
of  the  Bottle.  The  tork  at  thS  Trial w^s  prefled  down  only  into  the  Neck, 
and  became  level  with  the  Mouth  of  the  Botde :  But  I  really  believe,  had 
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we  hod  10  or  lo  Fathoms  of  Water  more,  it  would  have  fucceeded  as  at  our 
firft  Trial. 

V.  I.  The  following  Bodies'  were  poured  gently  into  a  Veflel  of  wdi^^^^,4 
feafonedOak,  whofe  Concave  was  an  exadt  Cutkk  Foot.    Thofe  in  the^'j^jf'ii. 
Twelve  firft  Experiments  were  weighed  in  Sc^s  turning  with  two  Ounces,  jj^tf^ 
but  the  laft  S^en  were  weighed  in  Sc^s  tumii^  with  one  Ounce.    The^ioxSST' 
Pounds  and  Owues  here  mentioned  are  Averdupois.  f-  «^9-  p*  9if- 

^  Mar.  Aiu  i6%^ 

ft       I 

I  A  Footof^P^AJ/(worth6/.  aBufhel.)    -—     — .  47  8 

2^^^ftf  of  thebeftfort(worth6j.  4^.  aBuihel.)    —  48  4 

3  The  fame  fort  oi  Wheat  meafured  the  fecond  time.     —     —  48  2 

Both  forts  were  Red  Lammas  Wheat  of  the  laft  Year.    —    — 

4^PK/^Oa^iofthe  laft  Year.    —     —    --     —     _      _  29  8 

The  beft  fort  of  Oats  were  2i.  in  a  Buihel  better  than  thefe. 

5  Blue  Peafe  (of  the  laft  Year,)  and  much  Worm-eaten.     —  49  12 

•6  ^&V^  iv^yiof  thelaftYearbutone.     —.—,—    —    —  50  8 

{Barley  of  the  laft  Year:  (the  beft  fort  fells  for  is.  6^/.  in  a? 
Quarter  more  than  tjiis.)    —     —     —     —     —    ""i 

8  M(7i>  oT  the  laft  Year's  Air^,  made  two  Months  before.    —  3<>  4 

9  Field  5ft»w  of  the  laft  Year  but  one.    —    —    —    —    —  50  8 

10  Wheaten  Meal  (ux^ified.)    —     > —    ^«_— .    —    —  31  o 

11  Rye  Meal  linG&td.    — —    —    ■               — —     — — <  28  4 

12  Pump  Water.    —    — —    >              — — 62  8 

14  White  5^^  5^/.    —     *  —     —      4312 

.16  Ncwcqfile  Coal.    —    — —     —     — —     — —      6j  12 


C  Pit  Coal  from  Wedneftmy  63^  but  this  is  very  uncertainin?       ^^ 
I     the  filling  the  Interftices  between  the  greater  pieces      3         ^ 


o 


17 

18  Gravel.    —  —  —  —  —  —  —  —  :~  -^  109  5 

19  Wood->^^j*  —  •^  -^  —  —  -,  ^  ^  — — ..  58  5 


X  x-x  Pump' 


t  s«« ) 

5^5^    iJ»-Dry.    —    -~—     ~—    54^ 

I^^CiJfSjr.    —    ^   --^   .^.-^    *«^    ..*.- u  613 

Society  HI  Oak-  fyUMS-frei  Dry.    <■  ■^'' ■»"    -*-^*^    >■«  ■-«'    **-*^     **— **    *  '■  63 1 

» #  9*7.      Cf«*-fV^  mednly  Dry.    *-— *—    *-*i--i    «»i«^     " '^'     765 

4%meanljDry,  andoftheOut-ridefaKt»ft  "f    ■>  734. 

4^  more  Dry,  about  the  Heart*    ^^^  >»'■'•     ««-*     •^*— *    -*-—    -^  845 

ii4Ja^^  Dry.      .  — —     — «     •— i«  '        ■    ■  ■     ■  jgg 

Tew  of  a  knot  or  Root  16  Years  Old.    —    ■  — —    — —  760 

Seecb meanly  Dry.    — r  '  "■'■    *-«*-^     "*'"* '      ■  ■■  ■■'      —  854. 

Oj)fc  very  Dry  almoft  Worm-eaten*    -***-    *-—    >"  ■  ■  ■"  755 

Otf*  of  the  Out-fide  fappy  Part,  Fdl?d  a  Yigar  fiftce*    -***—     ■  87a 

Oak  Dry  j  but  of  a  very  found  dofe  T^tture.    •'^■^-*-     •*— ^     — — -  929 

The  j&w^  tried  another  Time.     ■—     ■    — a-a-*     ««■  ""  ■■     — ^— .  9;52 

Oanf.      ■■  --—     >"n..'  ■       m  nrrrr  »       *^»a       "»■  "i^       — —     993 

ik&// Cyder,   netC^ar.    ■    ■—     **•****•     ^— *^     >i'  ■  ■  '  ■    lot/ 

^^la-^is/^  fettled  Cteir.    -*— -^    ^^^^^    m    .»■     im  »■>    ■"         IQ28 
College Pkin-^thelame.    ■  — ^-      '  '■'  ■      ■  *. —  1028 

Redti^od  the  €amci    —    ■    iw'i ^i    ■■■      ■ " '  ■  ■     ■■  ■       —  1031 

Beit Vinegctr.    •■  --  ~-     ■  1  1  ■  1  — fc—       1034 

Pit-Kjoal  efStagnri^r^.    —    «— ^    —i.    —    »-.    «»».    «^   —  1240 

Spe^hdWoodxAViergtma,    *—    -*   ^-^    «»     ■  n  ^f       '—     — — .  1313 

lAffmnVitte    *tir.ti.    UA..    <■  Mi  ■  ■     i*ii>  iMi     xn 1 m  ii  ■■  ■  1327 

JJ/w^  Bottle.    ■ —    g-A.    -i-fc.    «fc*.    flMM"!     ^-—    -^   '— *- —  1777 

j^Od^er.    —    -i^    --*      r-,t    ,.    ;^    ^—    —.—..-.    -^    ,—.  1872 

HeMngton  Stone^  the  Soft  Lax  kind.    —    —  2029 

j?«r/i?r^  5/(?«^,  an  old  Dry  Piece-    —     —     —     —    • 2049 

Paving  SionCj  a  hard  Sort  from  about  Blaidan.    —     —     —    —  2460 

G&// of  a  Quart  Bottle.    —     2666 

Black  Italian  Marble.     ■  —     —    —    — •    —    —    —    —  27 

JVhite  Italian  Marble  tried  twice.     — —     ■  27c 

White  Italian  Marble  of  another  fort,  of  a  vifibly  Clofer  Texture.   —  27- 

Block  37».    _—  7- 

Copper. ■  —     i_ 

Lead.    ■  ■  «.; —    >  ^— •      113 

^ick  Silver.    — —     —    . — — ,      —     1401 

^ick  Silver^    —    —    — -    — -.     ^—     —^13^0 
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The  lafl:  Experiments  was^fiicd  wifh  another  quantity  of  ^ekrSiiher^ 
Which  Kad  been  uledln  Water  in  the  preceding  Experiment  :  However,  i 
rather  truft  the  laft^Tor  that  I  found  a  unall  miftake  (tho*  here  if^  the  Cabu- 
l^ion  allowed  For)  in  the  Weight  of  the  Glafs  containing  the  S^ick-Siher^  in 
the  Trial]beTore.  J  ^  ^ 

Tht  Solids  Jitrt  mentioned^  were  examined  Jlyfirojlaticdll'^  by  w^ighitig 
Jthemin  Air  and  Water  riBut  the  i^^/ij"^  by  weighing  an  equal  Portion  qf 
each  in  a  Glafs  holding  about  VQuart.  The  Numbers  Ihew  the  Proportio^i 
pf  Qravtty  of  equal  Portions  of  tKefe"  Bodies :  But  if  of  thefe  Bodies  wc 
take  Portions  equally  heavv,  their  Magnitudes  will  be  reciprocal^  proportio- 
nal to  their  correfpondent  Numbers  x  e.  ^.  z  Cubic  Foot  of  Water  is  f  o  a 
Cubic  tooioi  Alabajierin  Gravity  as  looo'to  1872  j  but  a  Pound  Wel^t 
^JVater^  is  to  a_pound  VJ  ti^to^  Alahajier  in  Magnitude^  as,  1872  to  looo. 
So  thatj  knowing  by  tEe  former  Table,  the  Weight  of  a  Cubic  Foot  pf 
fp^ater J  and  hy  this  Proportion  in  Gravity  betwixt  i^/^  and  Alat^^er,  we 
f^^y  by  the  Rule  of  Three  find  xEtWeigbt  of  a  Cubic  Foot  of  Alab^er^  an^ 
fo  of  any  other  of  thefe  Bodies ;  or  we  may  know' their  Magnitude  hj  knov- 
iog  their  Gravity.^  So  that,  an  irregular  piece  of  quantity  of  thefe  Bo- 
dies.being  offered,  *tis  but  weighing  them,  and  we  may  knpw  their  juft  ifcf/^- 
;7;V«^  \pthout  farther^trouble. 

Pump-t^ater.    ■           ^— — "^^^  "  '  "i-i— .^     -?-?•    lopo        3. 

Corh    ■  '  — ;     '  —    i:-i-_^    ,— —      237 ^^"^J*^ 

&ifafras  Wood.    ^— ^r-    r— '-r-    -^—    — ^aS^.'^AoJ^Si. 

Jumper  Wood IDij^    ■     1  ■  j— —  ;■                 ■    — i-  gcS 

Plum-^ree  (JDty.) »     ■  -^—     —    —  663 

Mafiic.    — —    r——  .  _*~  '            — ^    -r-    -^  849 

Santakm  Gtrikum, ^  ■  ^-^^^  ■  ■     i*  '  ■      "^  .     ■    «—  809 

Santabm  Album,    r— r^  -^  ■'^^    — •-  ■       ■'       »    --r  1041 

Santabm  Ruhum.       _  —    —— ^  — ^    — —    —    •^— •  i  lis 

Jj^num  Rhodium.    — —    ■  '           —         i    ■  — —    -f—  1125 

l^pmm  AJjplnsltum.  —  ■    ^j     —     —     —  —    —    —  1179 

./ffccx.    — —    — r—  ■               .— -     ■■  •^—    —  1 1 77 

Succinum  PeUucidum.    •— ■                ■     —  ■  ■  ■  w  1005 

Sucdnum  Pingue.    — .      1                    »  ■■  1087 

ThtToppaxtof  a  Rkin^^ps  Horn.    — —        '  ■  1242 

ThcToppartof^O/c/ifom.     — —     — —     ■  — »^ — r.  1840 

The  (Blade)  ^^  of  an  0;?,          _                         ■  —  165^ 

An  Human  Calculus.          1          — -     ■  ■       ■     -—  n    ■■(  n  1240 

Another  Calculus  Jiumanus.    —     ^    — •    -^    ;  ■  — -i-  1433 

Another  Calcuhs.             ■    — •>    ■            — — •    '■  — •i-  1604 

JBrimfiojte^  £ach^^Qmmorilj{iM'    r           ■  ■  I  ■       *—    j8ii 

JB^^.    I      —      *  ■  ■  I     »  I  I     I    1720 
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ASp<Med  FaSiiiMs  Afarik.               f       —       ■  ■  ■     -^  iSaar 

AGaUey-Pot.    — —        —         —  -— .  1928 

Oyifter  Shell.        ■                   '     ■     ■       •—  ■  2092 

Murex  Shell.               ■                    ■                 ■"  >  ^S^o 

Lapis  Manati.            ■    ■               ■         — —               ■     '  ■  2270 

Selenitis.  ,-—              — —             — — .  'v-  2322 

Wood  Petrified  in  Lough  Neagb.     ■                             ■  ■■'  2341 

Onj^x  Sione.    ——            .— —            — —  —  2510 

TurcoiS'St(me.    — — —           — .i— .           ,  — — .  2508 

Englijb  Agat.    ■      ■>■■                ■    ■                ■   '  — -  2512 

Grammatias  Lafis.      '  '     ■                 «                                  >  —  2515 

A  Cornelian.     ■                          '                         ——  — —  2568 

Cordlacbates.                   '            — — -            '          ■  ■       ■  2605 

Ifyiicintb  (Spurious.)                  »        — -        — — —  — •  2631 

Ja/per  (Spurious.)    — —            — ^            *■  — .  2665 

A  Pellucid  PetMe.        —            2641 

Rock  Cryfial.        —                ■           .             ■          ■'  —  2659 

OyftaUum  Difdiaclafticum.^       ■                       — —      — —  2704 

A  Red  Pafte.    —        —  2842 

Lapis  Nepbriticus.    ■  '  ■  ■                              ■  n          ■  —  2894 

Lapis  Amiantus  from  ff^aks.        ■    '   ".  "'    ^     —    *        i^  —  2913 

Lapis  Lazuli.        — —        — —        7                       ■  — -  3054 

An  Hone.        ■                        — «           — —  ■  3288 

Sardacbutes.     '                ""                        •^—             >  —  3598 

A  Granat.             '     /                     "■■    '"      ■  '     '  ■    *  ■  3978 

A  Goldtn  Mdrcqfite.       ■                        "'                  ■  ^   '— — -   4589 

A  Blue  5^7/^  with  Ihming  Parrid^                          ■          *■        3500 

A  Mineral  Stone^  yielding  i  part  in  166  'Metal.'       •^-— ^  ■  2650 

The  Metal  thence  extrafted.      — —  '           ■  — —  8500 

"The  (reputed)  Silver  Ore  offf^ales. '   — r-            ■  —  7464 

The  Metal  thence  extrafted.      ■'             '         — —          '  — — —  1 1087 

Spelter.    — —            ■                   — ^            —             7065 

Spelter  Solder.     — : ■                            8362 

.  Iron  ofaKcy.    ' ^^'       ■     '     ■■      "    — —            ■  —  7643 

Steel.        — —         ■' ■            ■  785a 

C^A  Brafs.        -—        —        — —           ■                        8100 

Vfrought  Srafs.        — —      —        —        ■  ■  Suit 

Hammered  Brafs.     ■                     — —         ■  ■  83^^ ) 

A  Falfe  Guinea.         ■                     — -           ■!  ^  9c    ; 

A  Trut  Guinea.        — —            i— —                ■  ■  :  —  188 

Sterling  Silver.        *             '       ■                    1    .  «..— ..^  105    ; 

A  £r^^  Half  Crown.        — —                 ■           — — —  — —  g^    ! 

EkSr    t 


(  525 

JBkffrm^Sfiti/bCm,    —»         •-— i 

^  AGoldCmoi  Barbary.    m^ 

A  Gold  Medal  from  Morocco.        i 
A  MMz  Gold  Ducat.    — —  — ^ 

A  Gold  Coin  of  jfkxander^s.        — — 
A  Gtfili  Mfia/  of  Queen  Mary*s.         — 
^  A  Gold  Medal  of  Queen  EUzabetb's. 
A  Medal  eRecm^d  to  be  near  Fiir^  Gold. 


—  17548 

—  18420 

—  18261 

—  18893 

—  19100 

—  19530 


VI.  M.  Homberg  has  ^ven  us  the  following  Table  of  the  Various 
of  fome  more  ufual  Liquors  in  the  Coldeft  Time,  and  in  the  Hottefi. 


In  Summer. 


The  Aerometer  full  of  Mercury. 

Oil  oi  Tartar. 

Spirit  oi  Urine. 

Oil  oi  Vitriol 

Spirit  of  Nitre. 

Spirit  of  Salt. 

Jlqm  Fortis. 

Vinegar. 

Spirit  of  Wine. 

River  Water. 

Dijlilled  Water. 

This  Empty  AerometerVJt\^% 


5 
II 

I 
1 
I 
I 
I 
I 
o 
o 
o 
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3    ^'; 
o      0 


3 

o 

3 

I 
o 

I 

i 

7 
7 


8 

32 

58 
40 

39 
38 
55 
47 
53 
50 
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Weights  lUDtfirmi 

rWliftri&i 
'  Winter^Ml 
flammer  ,*  fjr 
-Mi  Hombe^ 

Winter:  ll.a6^.^^•• 
%•  I. ». 

II    o    32 

I  3  31 

I  o  43 

I  4  4 

I  I  70 

I  o  47 

I  I  55 
o  7  60 
o    6    61 

o  7  57 
o    7    54 


o    I     28 


Vn.  I.  Having  poured  a  ftrongly  AlcdKzat  Menftruum  (I  ufed  that  made£«^fWbf»r#^ 
of  Ftx'dNitr&y  diffolved  by  the  moifture  of  a  Cellar)  into  a  Pipe  of  Glafs,J^'^^ 
fealed  at  one  end,  and  not  full  a  quarter  of  an  Inch  in  Bore ;  that  the  Ca-  Finidi,  #1^- 
vity,  which  in  a  greater  depth  would  feem  lefs  deep,  might  be  the  niorc^^JJJJJ^^ 
confpicuous  :  We  gently  poured  on  it  fome  highly  Dephlegm*d  Spirit  o(»*i^Lijmrt, 
^»^,  which  we  knew  would  not  mix  with  it,  but  fwim  above  it,  and  pre-JJ^p^J^ 
fcntly,  as  we  had  guefs*d,  we  found  the  Figure  of  the  Surface  of  the  lower  ^y^'^^oyie. 
Liquor  changed,  and  the  Cavity  quite  deftroyed  ;  the  Surface  that  feemed,  ji^?An.*i7^ 
as  it  were,  common  to  the  two  Contiguous  UquorSj  appearing  flat  or  Hori- 
zontal.   And  fuch  a  level  Superficies  we  had,  by  putting  thefe  two  Uquors 
together  in  a  much  wider  GlaTs. 

2.  We  found  alfo,  that  by  Employing  Oyl  of  Turpentine^  inftead  of  the 
Spirit  of  Wincy  the  liquor  did  almoft  totally  lofe  its  Cavity. 


3.  But 


'3;  !But,"jt  infteaJ  oT deliqudted^rtoTj  we  pui  cOmfflon  Water  into  thb 
Plpe,.we/ound  this  Eiquorto  VetaJn  its  Concave  Surface,  the'  we  put  tit> 
it  fome  Oil  of  Tur^enline^  and  left  it  to'rett  upon  the  Water  a  good  wnjl^- ' 

4.  Having  provided  fome  pure  Oil  of  the  Gsim  of  Guaiacum^^  and  poured  a 
jittle  of  it  into  a  {lender  Pi£e,  we  found  the  upper  Superficies  of  it  to  be 
Concave  almoft,  if  not^altogether^  like  that  which  Water  would  have  ba4  in 
the  famePipe.  ^_  But  when  I  put  a  little  Water  upon  thjs  0/7,  it  prefendy 
changed  the  Figure  of  its  Surface,  which  became  vifibly,  tho'not  very 
much,  Protuberant  or  Conv«. 

^  '   $.  Having  put  Tome  Oil  of  Tarlar  into  thp  flender  Pipe,  and  put  Cqui^ 

'  Drops  of  the  Oil  of  GuaiacUm  to  it,  ive  found,  that  this  Liquor  did  not  ma- 

'.  nifeftly  alter  the  Concave  Figure  of  the  Surface  of  the  Liquor  Mcali^  as  the 

0//of  Turpentine  had  d^ne :  And  having  for  Curiofity*s  f^e  warily  poured 

•  a  little  Watfa*.  upon  tHe  D/7of  Guaiacum^  I  found,  as  I  had  reafon  to  uifpeft, 

that  the  upper  Superficies  of  it  changed  prefently  from  a  Concave  Figure  to 

a  Convex  j  fo  that  this  Oil  in  the  midft  of  the  other  two  Liquors  appeared 

like  a  little  red  Cylinder;  which,  inftead  of  having  Circular  Bafc^,  was  pro- 

tUbei*ant  at  both  ends ;  but  more  at  that  which  touched  the  Oil  of  Tarfar. 

6.  i  put  fome  Effentjal  Oilj  (as  Chymifts  call  it)  of  Cloves  into  a  new  (lender 
Pipe,  and,  haviftg  obferved  it  to  be  fomewhat  Ctoncave  at  the  Top,  where  it 
was  Contiguous  to  the  Air,  we  caufed  [a  little  common  tTater  (perhaps  a 
quarter  of  a  Spoonful  or  lefs)  to  be  put  to  it,  and  found,  as  we  expeded,  the 
Surface  of  this  Oil  alfo  to  be  tumid.  And  in  regard  this  Liquor,  as  well  as 
the  forementioned  Oil  of  Guaiacum^  tho'  it  were  fo  heavy  ^&  tp  Xink  into 
Water,  would  not  do  fo  in  Deliquated  Sail  of  Tartar^  we  did,  into  another 
flenddr  Pipe,  put  firft  fome  of  this  laft  named  Liquor,  then  fome  of  the  dra^ 
mafic  O/iC.aha  iaftly,  a  little  common  Water-,  by  which  means  we  found, 
chat  the  little  Cylinder  of  Oily  did,  like  that  of  tl^  Oil  of  Guaiacum^  mpw: 
Convex  at.both  ends,  but  was  unlike  it  in  one  Circ  umftance,  that  the  Oil 
of  Cloves  appeared  more  Convex  at  the  upper  end  where  'twas  Contiguous 
to  the  JFakr^  than  at  the  JJQwer,  that  leaned  upon  the  Surface  x)f  the  Oil  of 
TatioTn 

7*  Having  taken  a  little  flender  Glafs,  that  was  much  longer,  but  of  the 
like  Bore  wim  the  former,  we  put  into  it  a  finall  quantity  gf  ^ick-Silveri 
and  havii^  taken  notice  how  the  upper  Superficies  (welled  in  the  middle 
above  the  Level  of  the  Parts  where  it  touched  the  Glaf$,  we  poured  fome 
Water  upon  it,  and  found  a  manifefl:  and  confiderable  Depreflion  of  the 
Surface,  tho*  the  Protuberance  were  not  quite  fupprefled. 

8.  This  Pb^enomenoHy  having  been  for  greater  fecurity  fevcral  times  rcp"> 
ed,  fometimes  kfeem^d,  that  when  the  Aqueous  Cylinder  was  much  lonj,,  *, 
the  Depreflion  of  die  Mercurial  Surface  was  fomewhat  greater.  But  this  d 
iiot  fo  confUntly  happen ;  but  we  often  obferved,  that  tho'  a  very  li  e 
Water  fufficed  by  its  Contaft  to  make,  in  the  Judgment  of  the  Eye,  a  mi  i- 
fcft  Abatement  of  the  Protuberance  of  the  ^ik-Silver  5  yet  it  had  not  r  e 
lame  effeft  on  that  ponderous  Fluid,  that  it  had,  when  being  increafed  aim  Et 
as  high  a$  the  lengtii  of  the  Pipe  would  permit,  a  greater  Weight  of  it  ^  3 

q  incumbeit 
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mcumbeBt<mcfaeJl£rrii(y3r»^  for  diea  I  maaifeftly  perceived,  andihewed  to 
others^  that  the  Surface  ot  the  ^ick-Siher  heme  deprefled  almoD:  to  a  Le- 
Tel  in  thole  Parts  oi  it  that  were  near  the  infide  of  the  Glafs,  there  was  about 
the  Middle  of  the  Surface  an  Elevation  of  Mercurial  Matter »  that  appeared 
to  he  rather  more  than  a  half  Globe,  and  was,  to  the  Height  of  its  fufl  Semi-, 
diametfer,  raifcd  above  the  reft  of  die  Mercurial  Surface,  and  in  that  State  it 
continoed,  as  long  aa  I  thought  fit  to  let  it  do  fo.  And,  left  this  Trial 
ihould  impofe  upon  nie,  I  ctufedit  to  be  more  than  once  rraeated;  and^. 
the  better  to  confirm  it,  I  afterwards  cauied  the  incumbent  H^ier  to  be  Ut- 
tle  by  little  iuck^'d  up^  and  found  as  I  expeBxd^  that,  when  die  incumbent 
0^at^  began  to  be  too  much  ihorten'd,  the  little  Tea^  or  Sqgjmentof  a  Sphere^ 
iafiely  mentioned,  began  to  be  fomewhat  flatned,  and  mbfided  more  and 
more  as  the  PFater  was  further  taken  off. 

9«  Having  conveyed  into  one  of  our  PneumaHcal  Receivers^  a  Couple  of 
fitch  Hender  P^s  as  have  been  akeady  defcribed,  one  of  them  fumi£h*d 
with  Common  tvater^  and  the  other  with  ^ck-SilveTy  we  caufed  the  Common 
Air  to  be  diligently  pump*d  out,  without  obferving  any  fenfible  Change  in 
the  Concave  Figure  of  tne  Water:  but  as  for  the  ^ick-Siher^  I  knew  not 
what  to  concluae  about  it.  For,  ha^dng  repeated  the  Trial  twice  or  thrice, 
die  Murcmj  ibmedmes  feem'd  manifeftly  to  (well,  to  be  more  protuberant  up- 
on the  Ezhauftion  of  the  Receiver^  than  when  it  was  put  in,  efpecially  when 
its  Figure  was  attentively  viewed,  and  the  external  Air,  that  was  pump*d 
out  but  (lowly,  was  fuffer'd  to  re-ei)ter  with  all  convenient  Celerity.  But 
d^t  which  yet  kept  me  doubtful  was,  that  I  obferved.  That,  upon  the  di- 
ligent withdrawing  of  die  Air*^  PreiHure  upon  the  ^chSiher^  tho'e  difclofed 
themfelvcs  fome  little  Bubbles,  which,  I  fear'd,  we  had  not  been  able  to  bt^ 
it  altogether  from,  and  which  might  be  fufpe£ted  to  have  fome  Intereft  in 
the  Pbamtnenou.  We  alfo  conveyed  into  our  Receiver^  a  clear  Cbjmical  Oil 
that  was  heavier  than  Water^  and,  whilfi:  it  was  contiguous  to  it,  had  not  a 
Concave  but  a  Convex  Surface,  and,  having  placed  the  Pipe  furaifh'd  with 
both  Liquors  in  the  Pneumaiical  Receiver^  we  pump*d  out  die  Air,  without 
finding  that  the  Oil  fenfibly  altered  its  protuberant  Surface,  as  neither  did  the 
"Water  ioie  the  concave  Figure  of  its  Surface. 

lo.  I  took  Fix'd  Nitre ^  (or  which  is  Anatogous  to  it,  $dt  of  TarJar)  re- 
{oXvtd  per  BeUquium  into  a  Tranfparent  Liquor,  and  having  filled  aclear  Vigl 
half  full  with  this,  I  poured  on  it  a  convenient  Quantity  of  Vinous  Spirit  exadly 
Heffijledy  that  there  might  be  no  Phlegm  to  occaUon  an  Union  betwixt 
the  two  Liquors,  which  ought,  as  ours  did,  to  retain  Diftind  Surfaces,  an4 
ipeedily  regain  them,  though  the  Glais  were  well  fhaken.  Then,  havitig  found 
I  y  a  Trial  formerly  mentioned,  that  Common  Oil  of  Turpentine,  if  employ*d 
]  1  a  competent  Quantity,  will  not  totally. (and  much  lefs  will  readily)  dijf- 
i  >Ive  in  Spirit  oitViney  and  alio  having  obferved  (what  may  feem  fomewhat 

1  xange)  that  if  this  Spirit  dilFine  be  exquifitcly  dephlcgm'd,  the  Oil^  tho* 

2  Cbymical One,  will  not  fw^im  on  it,  but  fink  in  it ;  I  warily  let  fall  fome 
c  rops  of  0/7  into  the^xW/,  and  had  the  pleafure  to  fee,  as  lexpejftcd, 
t  lat  they  fell  towards  the  bottom  of  the  Glafs,  tiU  their,  Defcent  wasftop'd  by 

•  the 


the  Horizontal  (for  it  was  not  Concave)  Surface  oF  the  Alcalizal  Ufuordf 
fx'd  Nitre.  And,  becaufe  mf  dcfign  was  chiefly  to  obferve  the  fuperficial 
Figure  of  a  Fluid  encompalied  by  other  Fluids  without  touching  any  folidT 
Body,  I  fhall  here  take  notice  of  the  c\i\ti  Pb^omena  that  were  produced 
of  that  kind,  wldiout  ftaying  to  enquire  into  the  Caufes  or  the  Conlequcnccs 
of  them. 

1 .  If  the  Oily  Drops  were  but  fmall,  diey  feem'd  to  the  Eye  exaftly  enough 
Spherical.  For,  the  Oil  differing  but  verv  little  in  thcfpecijick  Gravity  from 
the  Spirit  of  ff^ine^  the  Drops  did  but  juft  touch  the  Surface  of  the  fubjaccnt 
JlcaK',  and,  the  fame  Drops  being  but  fmall,  their  own  Weight  was  not 
great  enough  vifibly  to  deprefs  them,  and  hinder  that  Roundnels  which  rhe 
Preffure  of  the  Ambient  Spirit j  or  their  own  Vifcofity,  endeavoured  to  give 
them. 

2.  If  an  Aggregate  of  Drops  were  confiderably  bigger  than  thofe  newly 
mentioned,  as  if  it  had  about  a  third  part  of  an  Inch  in  Diameter,  it  woukl 
then  manifeftly  lean  upon  the  Jlcalizat  Liquor  as  upon  a  Floor,  and  appear 
fomewhat  Elliptical^  (for  fome  little  part  of  the  bottom  wa&  a  Plane ;)  the 
Weight  of  the  upper  parts  deprefling  the  Drops,  and  making  the  horizontal 
Diameter  fomewhat  longer  than  the  Tranfverle. 

3.  If  a  yet  greater  Portion  of  0/7  were  let  fall  upon  the  heavy  liquor,  it 
would  for  a  pretty  while  appear  in  the  Form  of  a  fomewhat  imfirfeft  Hem- 
fpbere^  or  fome  other  large  SeSion  of  a  5^/&^r<f,  thelower'partbcbgcut  offj 
(as  if  a  Globe  were  divided  by  a  Plane)  by  the  horizontal  Surface  of  the 
deliquated  Salt. 

4.  But  if  the  Quantity  of  Oil  were  not  too  great,  *twas  pretty  to  obferve, 
that,  tho'  at  firft  putting  in,  it  did  perhaps  Ipread  itfelf  over  the  (iibjacent 
Liquor,  and  lie  as  it  were  flat  upon  it ;  yet,  by  little  and  little,  (for  'twas  but 
flowly)  it  would  by  the  Aftion  of  the  ambient,  concurring  with  it's  own  Te- 
nacity, be  raifed  aoove  the  Surface  of  the  Fluid  NitrCj  and  be  reduced  to  the 
Figure,  either  of  half  a  Globe,  or  of  a  greater  Segment  of  a  Globe,  or  even 
of  an  Imperfeft  EUipfis,  according  to  the  Bulk  or  Weight  of  the  OiL 

5.  Tho*  thefe  Globules,  or  Portions  of  0/V,  did  oftentimes  readily  mingle, 
when  they  touched  one  another,  yet  divers  times  alfo  we  obferved,  riiat» 
having  warily  approached  them,  we  were  able  to- make  them  touch  without 
mingling,  infomuch  that  we  have  with  pleafure  made  them  fo  far  bear  agsdnft 
one  another's  Surfaces,  as  manifeflly  to  prefs  them  inwards,  tho'  being  part- 
ed they  would  prefently  refume  their  former  Figure.  But,  in  cafe  any  of 
thefe  Oily  Portions  came  by  a  more  prefling  Contad  to  be  united,  they  wouhi 
then  alter  the  Figures  they  had  whilfl:  feparate,  and  take  another  fuitable  to 
the  Bulk  of  the  Aggregate. 

9.  When  a  large  Portion  of  Oil  refted  upon  the  Saline  Liquors^  if  then  the 
ambient  Spirit  was  moderately  and  warily  agitated,  'twas  not  unpleafant  to 
obferve  the  variouspigurations, which  the  Convex  and  Protuberant  part  of  the 
mutilated  Globe  would  be  put  into  by  the  Shakes,  without  any  vifible  Solu- 
tion of  Continuity,  or  confiderable  Motion  of  the  whole  Body,  which  would 
very  quickly  recover  its  former  Figure.    Tho',  if  the  Agitation  were  too 

ftrong, 
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firong,  rome  Portions  woidd  be  quite  broken  qff^  aiid  preiehtljr  turned  into 
iittleGk)be& 

■  1 1*  I  tried  to  produce  another  Phanamenon^  that  would  not  have  been  un^ 
pleafant)  by  putting  together  in  afomewhatkrgeVelfel,  with  other  Liquor*, 
two  Oih^  (whererf  ofie,  if  I  miflake  not,  was  from  Turpeniine)  which  firft  by 
reafon  of  the  Olej^inous  Nature  wherein  they  agreed,  might  e£a£tly  minglfe 
imd  make  a  compounded  Liquor  -,  and  then,  by  reafon  of  their  being  one 
heavier,  and  the  other  lighted  in  Specie  than  Water,  might  by  this  Liquor 
be  i^ain  feparated^  and  include  betwixt  them  the  Liquor  that  had  divided 
them.  But  I  found  that  the  Oih  being  once  united  would  not  be  eafily  par- 
ted, but  according  to-  the  Prevalency  of  the  lighter  or  heavier  lAgPedient^ 
In  the  mixture,  the  compoimded  Oil^  would  almoft  totally  cither  emerge  to 
the  top  of  the  Water,  or  lie  beneathac  the  bottom  of  it ;.  I  fay,  almoft  totals 
ly,  becaufe  fomc  Part  of  the  Oit^  which  was  riot  perhaps  all  unifoitnly  mix*d, 
did  not  keep  in  a  Body  with  the  reft ;  but  either  was  feparated  from  the  Mafs 
in  the  form  of  Gldbules,  or  dit  IKcfcing  to  the  Side  of  the  Glafs,  had  the 
other  Part  of  its -Superficies,  which  was  contiguous  to- the  Water,  very  Va^ 
rioujly  Figured^  according  as  the  bulk  and- degree  of  Gravity  of  the  adhere* 
ing  Oik  and  other  Circumftances  happened  todetfermine* 

Thefe  are  fome  of  the  Pb^mmena  I  ©bferved'  in  Oi7  oiTurprnHne^  when 
*twas  invironcd  only  with  FhikJs  •,  but,-  if  it  wei'e  pettnitted  to  be  contiguous 
to  the  Infide  of  the  Glafe,  and-  ib  to>  fatten  part  of  its  Surface  to  a  SQEtid^ 
the  greater  part  of  the  Surface,  whifch  remained  expofcd  to  One  or  both  erf 
the  contiguous  Liquors,  would  partly  by  their  A^it>n»  a»id  partly  by  the 
Gravity  of  the  Oil  itfelf,  be  put  into  Figures  io  Vdri&us  and  fometimei  fo  £v- 
,  traoagantj  that  *twas.nnich  more  pleafant  to  behold  them,  than  it  would  be 
cafy  to  defcribe  them. 

12.  Confining  Fluids  may  have  diftinift  Surfaces,  without  havmg,  at  leaft 
in  many  Politions,  RefraSims  difih-ingdnou^i  or  Reflexions  ftrong  enoughi 
to  make  the  Plane  that  difterminatca  them,  ob^nous  to  the  Eye.  Thus*  when 
the  Oil  of  Tartar^  or  Niircus  AkaH^  that  I  employed^  happ«i'd  to  be  very 
clear  and  colourlefs,  I  have  more  than  once  made  Wghly  Re&ified  Spirit  of 
fVine  float  upon  it  fo,  that  in  moft  Pdfitions'  the  Vial  feem'd  to  have  in  it 
but  one  uniform  Liquor;  the  Pknethat  divided  the  two  Fluids  being  unapt 
to  be  difcemed j  but  in  a  Pofition,  wherein  the  Rays  of  Light  palling 
thence  to  the  Eye,  fell  very  obliquely  on  it ;  and  indeed,  when  there  was 
no  litde  Duft  or  othef  Feculency,  fwimming  upon  the  Surface  of  the  Oil  of 
Tartar,  I  had  fometimes  much  ado  to  convince  ordinary  Spe6tators,  that 
the  Vial,  in  two  diftinft  Regions  of  it,  contained  two  JJMbciadle  Li^ors. 

13.  We  took  a  Deliqmted  AtcdH,  made  of  Nitre  and  iartar^  and  deeply 
tinged  with  Cechineali  and-,  that  the  Liquors  might  not  only  be  heteroge* 
neous,  but  as  differing  in  Gravity  and  Denfity,  as  we  could  make  them,  we 
poured  on  it  a  peculiar  kind  of  Gi7  lighter  than  ^rit  ci  ff^ney  and  holding 
the  Plane  where  the  two  Liquors  were  contiguous  in  a  convenient  Pofition^ 
in  rcfpcft  of  the  Light  and  the  Eye^  I  -obferved  it  to  make  a  ftrangely  vivid 
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Refleffm  of  the  incident  Beams  of  Light :  So  that  this  Pbyfie^  Surfsure 
which  was  flat,  look'd  almoft,  for  •twas  not  fo  Specular ^  likc^that  of^ick* 
jSlverX  and,  when  I  kept  it  till  Night,  and  confidered  it  by  the  Light  of  a 
Candle,  the  bright  Figure  of  the  Flame  was  ftronglv  reflefted  almoft  as 
from  a  clofe  fpecular  Body ;  which  tempted  me  to  ftalpeft,  that  there  mighe 
be  fomething  elfe  than  the  bare  Smoothnefs  of  the  Surface  of  the  jllcalizat 
Liquor  to  produce  fo  briik  a  Reflexion ;  and  the  rather,  becaufe  I  did  not 
oblerve,  that  the  Remains  of  the  fame  Tinged  jllcaUy  which  I  kept  in  an* 
other  Glafs,  nor  a  Portion  of  the  fame  0/7,  which  I  had  alfo  by  me  in  a  fc- 
parate  Vial,  did  cither  of  them  afford  fo  vivid  a  RefieHwn  from  its  Surface  s 
tho*  I  did  the  lefs  wonder  at  this,  becaufe  of  the  great  Difpofition  to  reJUa 
Ligbt^  which  I  had  formerly  the  Curiofity  to  obferve  in  the  foremention'd 
OHj  when  I  joined  it  with  otner  Liquors.  I  fhall  add,  that  looking  on  this 
Liquor,  as  a  Body  which  tho'  it  have  all  the  neceflary  Qualities  of  an  0/4 
does  in  regard  of  its  Origin,  and  fome  Properties  I  have  found  in  it,  differ 
from  common  CbymUd  Oils ;  I  was  invited  the  more  to  obferve  its  Pban^ 
fttena  in  reference  to  RefleSicn  %  and  I  found  among  other  Things  (not  per- 
tinent to  this  Place,)  Firji  that  the  confining  Plane  often  mentioned  between 
the  tinged  Akali^  and  this  Liquor ^  did  not  appear  Red  itfelf,  nor  communi* 
cate  that  Colour  to  the  Iniage  of  the  Flame  of  a  Candle  refleded  from  it* 
Secondly  That  when  I  warily  fhook  the  Vial,  which  contained  the  two  Li- 
quors, the  uppermoft  would  be  reduced  into  a  feemine  Froth,  confifting  of 
a  great  number  of  imperfe£tly  Globular  Bodies,  which  after  a  while  would 
make  a  kind  of  a  rude  Phyfical  Plane  i  which,  tho*  neither  very  Horizon- 
tal, nor  fenfibly  Smooth,  would  at  its  upper  Superficies,  fend  back  the  iir- 
€i^f$f  Light  with  more  Brifkneis  than  one  would  expedt  ^  and,  when  the 
feeming  Froth  confifted  of  fmaller  Particles,  thefe,  when  they  were  of  a 
certain  Size,  and  conveniently  placed,  in  reference  to  the  Flame  of  a  Candle 
and  the  Eve,  would  (as  more  than  one  Trial  informed  me)  refle6t  the  in^ 
cident  JJgbt  fo  many  ways,  and  fo  vifibly,  that  they  feemed,  for  Multitude 
and  Splendor,  like  little  fparkling  Corpufcles  of  polifhed  Silver  ^  or  almoft 
like  thofe  Gliftering  ones,  that  appear  when  a  clean  Plate  of  Copper  is  firft 
immerfed  mto  a  much  allayed  Solution  of  good  Silver ^  made  in  Aqua  Foriis. 
^irdfyj  That  tho'  pure  Spirit  of  fFine  be  fo  thin  a  Liquor,  and  our  Oil  is 
neverthelefs  fo  light  as  to  fwim  upon  it,  yet  1  found  the  confining  Surface 
very  ftronglv  Reflexive. 

I  have  alio  found,  that  fome  other  Effential  Oils  (as  Ctymfts  call  thofe 
that  are  difBlled  with  Water  in  Limbecks),  and  particularly  an  Unfophiflicated 
Oil  of  Lmonsy  did  with  our  tinged  Alcali  afford  moft  of  the  fame  Phaenomei- 
jna  I  but  not  fo  brifk  a  Reflexion :  1  fay  moft,  chiefly  becaufe  with  Sp:rit  of 
fflniy  their  Suitile  Oils^  as  I  formerly  noted,  will  readily  be  confounded, 
tho'  our  Anomalous  0/7  be  unfociable  with  it.  - 
»  M»  f  •  m*  '4-  In  Cold  Weather  we  took  Effential  Oil  of  Jnnifeedsy  whofe  Property  it 
is  to  Coa^late  in  fuch  Weather,  and,  having  in  a  gentle  Warmth  brought  it 
to  be  fluid,  we  poured  it  into  a  flcnder  Vial  more  than  half  filled  with  Com- 
mon 


mn  Wafer ;  that  had  been  alfo  a  little  warmed,  that  the  Oil  miffht  not  be  too 
haftily  reduced  to  its  former  State.  This  Oil  being  lighter  than  fo  much 
IVater^  and  being  poured  on  in  a  convenient  Quantity,  had  its  upper  Surface 
fomewhat  Concave,  as  that  of  the  Water  was  ;  but  the  lower  Surface,  fur- 
founded  by  the  Water  was  very  Convex,  appearing  almoft  (for  it  was  not 
perfeftlv)  of  the  Figure  of  a  great  Portion  of  a  Sphere.  This  being  done^ 
the  Vial  was  ftopt,  and  fufFered  to  reft  for  fome  time  in  a  cold  Place,  by 
^hich  means  the  If^ater  continuing  Fluid  as  before,  the  Oil  of  Annifeids  was^ 
as  I  expefted,  found  coagulated^  in  a  Form  approaching  to  that  it  had  whijft 
in  a  Fluid  State ;  I  fay  approaching,  becaufe  it  was  not  eafy  to  difcem  the 
exaft  Figure  in  the  Vial  I  was  fain  to  make  ufe  of:  And  I  fufpedted  that  the 
0/7  ^own  confiftent  was  become  lefs  Convex  than  before.  But  *twas  worth 
obferving,  how  great  a  Difference  there  was  between  the  dull  RefleStion  it 
made  when  it  was  coagidaied^  and  the  fine  Reflection  it  had  made  whilft  'twas 
a  Liquor.  The  latter  of  which  Refie£lions  brought  into  my  mind,  how  vivid 
the  refleSHve  Power  of  fome  Fluids  is  in  comparifon  of  that  of  the  Generality 
of  Solid  Bodies. 

15.  Having  obferved.  That  ^ichSilver^  and  reftified  Oleum  Petre^  are, 
the  Former  of  them  the  Heavieft,  and  the  Latter  the  Lighteft,  of  all  the  Vi- 
lihle  Fluids  that  are  yet  known  to  me  \  I  put  fome  (DiftillM)  ^ick-Siher  into 
a  fmall  Vial,  and  held  it  in  fuch  apofture,  that  the  incident  Light  w3i$  ftrong- 
ly  remitted  to  my  Eye:  1  then  flowly  put  to  it  fome  Petroleum^  that  being 
-well  reftified  was  very  dear,  and  obferved,  that,  as  this  Liquor  covered  the 
^ickSiheTj  there  was  at  the  imaginary  Plane,  where  they  both  confined, 
^  briiker  R^eStion  than  the  ^ick-Siher  alone  had  given  before.  On  this  oc- 
cafion  it  will  not  be  amifs  to  take  notice,  that  either  the  Surface  of  the  Air 
itfelf,  as  thin  and  yielding  a  Fluid  as  it  is,  or  the  Surface  of  a  Solid  conti-* 
guous  to  included  Air,  or  feme  interpofcd  Subtile  Matter^  may  refleSl  the  in^ 
cident  Beams  of  Ugbt  more  ftrongly  than  moft  Men  would  expedt  To  this 
purpofe,  I  remember,  that  a  curious  Perfon  having  one  Day  brought  me  a 
couple  of  Rarities,  which  he  told  me  were  two  pieces  of  a  Solid,  but  tran- 
fparent  Body,  that  he  had  Cafually  found ;  in  one  of  which  there  was  a 
Pearly  Large,  Round,  and  Orient,  and  in  the  other  a  lefs  perfeft  One : 
One  of  them  was  opened,  and  that  which  had  appeared  a  P^tfr/ was  found  to 
be  but  a  Cavity,  that  contained  no  groffer  Subfrance  than  Air-  And  I  have 
by  me  a  well  flhiap'd  piece  of  Glafs  of  a  good  Thicknefs,  with  an  Aereal 
Bubble  in  the  middle,  which  by  fome  Qualities,  particularly  its  Pearl-like 
Shape  and  vivid  RefleSion^  does  not  ill  refemble  a  fair,  tho*  not  ment  Pearl. 
But  in  fuchlike  Obfervations,  the  Pofition  of  the  Eye,  and  that  wherein 
the  Body  receives  the  Beams  of  Light,  may  be  very  confiderable.  For  I  havh 
by  me  a  Small  Stone  (with  which  1  nave  puzzled  a  Ikillful  Jeweller  to  deter; 
mine  what  kind  of  Gem  it  was)  that  being  laid  fiat  upon  ones  Hand,  or  a 
piece  of  Paper,  and  look'd  on  direftly  downwards,  looks  almoft  like  a  piece 
of  common  Glafs,  and  is  tranfparent:  But,  if  the  Eye  be  fo  placed,  that 
the  incident  Beams  of  Ugbr^  by  whofc  RefleBion  it's  feen,  fall  with  a  conveni- 
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cat  Degcee  of  Obliquity  upon  the  Stone,  k  piakes  an  ejKet ding  pretty  &eww 
ibmetimes  appearing  like  a  fine  Opal^  and  fonaetimes  not  very  unlike  an  o^ 
rient  Pearl. 

16.  We  made  a  competent  Quantity  of  a  Reftnous  or  Gummaus  Suiftance^ 
that  looked  like  high-coloured  Amber ^  but  was  eafy  to  mek.  This  we  puc 
into  a  deep  round  Glafs  with  a  wide  Mouth,  and  held  it  by  the  Fire-Iide  ii\ 
a  moderate  Warmth,  till  it  was  brought  into  a  fluid  State ;  then  we  tranf- 
ferr'd  it  into  one  of  our  Pneumaiical  Receivers^  where  we  prefumed,  that  thi^ 
temporary  Liquor,  would,  as  well  as  Liquors  that  are  coiiftantly  fuch,  dif- 
c\o^  Aereal  Bubbles^  when  the  Preffurq  of  the  Airway  withdrawn  from  it^ 
and  accordingly  having  caufed  the  Air  to  be  pumped  out  by  degrees,  wc 
found,  that  ftore  of  Bubbles  apjpeared  at  the  Top  of  the  Liquor,  and  made 
there  a  copious  Froth,  many  of  them  being  by  reafonof  th^  Vifcofity  of  the*- 
Fluid,  very  large,  and  divers  of  them,  becaule  of  the'Nature  and  Texture  of 
it,  and  the  thinnefs  of  the  Films,  being  adorned  with  the  Colours  of  the  Rain- 
bow, whofe  Vividncfs  made  them  pleafant  to  behold,  and  fu^cfted  to  us 
fome  optical  Copfiderations.  But,  notwithftanding  this  Froth,  1  caufed  th^ 
Pumping  to  be  continued,  that  thofe  Bubbles  that  had  meft  of  common  Air 
in  them,  and  which  therefore  are  wont  to  rife  firft,  might  £et  to  the  Top, 
and  the  fubfequent  Bubbles  m^t  mieet  with  more  Reliicance  from  the 
Liquor  ftill  tending  to  grow  cold,  and  fo  might  be  the  more  expanded^ 
and  yet  kept  from  emerging  by  the  Concretion  of  the  refinous  Subftance  % 
and  anfwerable  to  this  we  found,  That,  when  this  SubJdance  had  itfumed 
il$  confiftent  Form,  there  were  intercepted,  between  the  upper  and  the 
lower  Surfaces  of  it,  fome  Bubbles  that  were  not  foial|,  which  yet  had  4 
coqfiderable  RefleSlionj  notwithftanding  the  fmall  Quantity  of  tne  grofler 
Parti(;;le$  of  the  Air,  that  may  be  fuppofed  to  be  contained  in  Bubbles  ia 
very  much  expanded. 

J  7.  'Tis  taken  for  granted.  Thai  the  falling  Drops  of  Rain  are  Spherical^ 
yet  their  Defcent  is  fo  fwift,  that  I  fear  'tis  rather  Ji^po/edthan  obferved  that, 
their  Fi^re  is  Spherical  i  which  will  be  the  more  queftionabk,  if  it  be  true, 
which  is  vulgarly  thought.  That  Hail  is  but  Rain  Frozen  in  its  PalTaaetbro* 
the  4£r.  For  'tis  evident.  That  the  Grains  of  Hail  are  frequently  of  other  Fi- 

fiiTQS  than  truly  Orbicular.  But  the  Surface  of  ff^aUr  may  have  differing 
igures,  according  as  'tis  totally  encompais'd  with  heterogeneous  Fluids,  or 
as  'tis  only  in  fome  places  conti^ous  to  one  or  more  of  tnem.  In  the  for* 
mer  cafe  we  found  it  not  fo  eafy  to  make  an  Obfervation,  becaufe,  we  know 
not  pf  any  two  Liquors  (fetting  Mercury  afxde)  that  will  not  ming^  either  | 
with  one  another,  or  with  Water.  We  therefore  cautioufly  conveyed  into 
ibme  chymical  Oil  of  Cloves  fome  Portions  of  common  PFaur  of  differing  Big- 
nefles,  taking  care,  as  far  as  we  could,  that  they  might  not  touch  one  ano- 
ther \  by  which  means  the  O;/ being  tranfparent,  and  VQt  fomewhat  coloured^ 
!rwas  esiy  to  obferve,  that  the  fmaller  Portions  of  ^/^  were  fo  near^touU^ 
invironed  with  the  Oil^  that  they  were  reduced  into  almoft  perfed  Ckbesi 
Thofe  Portions,  that  were  f^me what  bigger  (as  about  twice  tl^  fiigne&  of  a 
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PeaO  yfcmH  be  c^  a  Figwr  fomewhat  approaching -to  that  of  an  Eiii^  (for 
*twas  not  the  fame)  and  thofe  Portions  tnat  wcrle  yet  fomcwhat  larger,  tho* 
they  feemed  to  be  funk  almoft  totally  beneath  the  Oili  yet*  they  held  to  it  by 
a  fmaU  Portion  of  th^no&lves,  whofe  Surface  was  eaiily  enough  diftinguifh- 
able  from  that  of  the  Oil.  Thefc  larger  Portions  of  immerfed  Waterheing 
almoft  wholly  inviron'd  with  the  other  Liquor,  were  by  it  reduced  into  a 
round  Figure^  which  was  ordinarily  fomewhat  £%/>V^,  but  moredcpref* 
led  in  the  Middle  than  that  Figure  requires. 

i;8.  Having  into  a  flcnder  Pipe,  of  that  fort  that  has  been  deflribed  be- 
fore, put  a  litde  Oil  of  Cloves^  and  i^pon  this  fome  Oil  of  Turpentine^  that  fo 
^e  ^1^^  nnght  both  above  and  beneath  he  touched  by  Heterogeneous  li- 
quors, I  obferved  Wt  the  Oil  of  (^cves  tx>  be  very  manifefUy  Tumid  at  the 
lOp,  nor  the  lower  Sui^ace  of  the  Oi?  of  TurpenHne  (lor  the  Upper  was  Con- 
cave) to  be  very  Convex :  For  fomewhat  Convex  it  was  downwards. .  Ahd% 
from  this  'twill  be  eafy  to  conclude  the  Figure  oif  the  Cylindrical  Portion 
of  ^atdr  intercBpfied  between  thefc  two  Oils. 

19,  Itook  Oi?  of  Annifdids^  thaw'd  by  a  gentle^artnth,  and  Common  Wh^ 
ter^  and,  havieg  put  them  together  in  a  <:onvenienf:  fhap'd  Glafs,  they  were 
fufien^to  ftandmaCoId  PhK:e,  till  the  0// was  coagulated ;  which  done,  it 
was  parted  from  the  JVater^  and  by  the  Roughnefs  rfits  Superficies  mani- 
fefted,  as  Iexpe£led,  that,  when  its  Parts  were  no  longer  agiuted  and  kept 
eafily  Difplaceable,  by  the  fubtite  permeating  Matter,  or  whatever  other 
Agent  pr  caufe  it  were  to  which  it  owed  its  fkidity^  when  the  contiguous 
ff^ater  grew  unable  toinfledt,  or  otherwiJfe  place  them  after  the  manner  re- 
Quiiife  toconititute  a  fmooih  Surface.  And,  what  happened  to  that  part  ot 
wtQiP^  Surface  that  was  touched  by  die  ^ater^  happened  alfo  to  that  wKioI^ 
was  contiguous  to  the  y£r,  fave  that  the  Afperity  ot  the  lail  named  Surface 
was  difiering  from  the  other,  which,  whether  it  Were  an  accidental,  or  xon« 
ftant  Pbi^H9menon^  farther  Trial  muft  de^»rmine.  But  I  have  often  obferv'dt 
that  the  upper  Surface  of  0/7  of  Annifeeds^  when  this  Liquor  comes  to  be 
Coagulated  by  the  cold  Air,  was  far  enough  from  being  Smosik,  being 
Varioufly  afperatcd  by  many  flaky  Particles,  fome  of  whicn  lay  with  thdr 
broad,  and  others  y^ith  their  edged  Parts  upwards. 

20.  An  Inequality  and  Ruggednefs  of  Superficies  I  have  alfo  obferved  lA 
Water ^  wheh,  having  covered  it  with  cbymital  OH  of  Juniper ^  and  expofed  it 
in  very  cold  Weather,  tho*  the  Oil  continued  Fluids  yet  the  Heater  beii^ 
Frozen  had  no  longer  a  /mo9th  Superficies^  as  whilft  in  its  Liquid  State  'twas 
contiguous  to  the  Oil.  And  the  like  Inequality,  and  rather  a  greater,  we 
obfcrved  in  the  Surface  of  ^^/^  Frozen,  wluch  had  ^Ay»»/V^Oi/  ot  li^rpentine 
fwimmirtg  over  it,  yet  a  no  lefs,  if  not  a  much  greater,  Roughnefs  may  be 
oftentimes  obferved  in  the  Surfaces  of  divers  Liquors  that  abound  with  /?^- 
teTj  when,  thofe  Liquors  being  Frozen,  their  Surfaces  have  an  immediatje 

-Confaft  with  the  Air.  I  (hall  here  ^dd,  that,  having  purpofely  caufcd  a 
Strong  and  Blood  red  Decodion  of  the  Soot  of  Wood  to  be  expofed  in^a 
large  Glals  in  a  veij  cold  Night,  I  w^  more  pleafcd  than  furprized^  te  fi^d 
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In  the  Morning  a  Cake  of  Ice,  that  was  curioufly  Figured,  being  full  of  large 
flakes  fhap*d  almoft  like  the  broad  Blades  of  Daggers,  but  neatly  fringed  at 
the  Edges.  But  that  which  I  chiefly  mention  thefe  Figures  for,  is,  that  they 
feem  to  be  as  it  were  Imboft,  being  both  to  the  Eye  and  the  Touch  raid- 
ed above  the  horizontal  Plane  or  Level  of  the  other  Ice. 
,  21.  I  have  fometimes  obferved  the  like  Pbanomerion  in  one  and  the  fame 
Liquor,  and  particularly  not  long  fince  in  frofty  Weather,  on  a  Vial  where 
I  had  long  kept  0/7  of  Vitriol^  I  perceived  that  the  Cold  had  reduced  far  the 
greatefl:  part  of  the  Menftruum  into  a  confifl:ent  Mafs,  whofe  upj)er  Surface 
was  very  rugged  and  oddly  figured,  tho*  it  lay  covered  all  over  widi  a  pretty 
deal  of  high-coloured  Liquor,  that  was  not  frozen  or  coagulated,  nor 
feem*d  to  be  difpofed  to  be  fo,  at  leaft,  in  that  degree  of  Cold. 

22.  This  may  be  alfo  obferved  in  the  beft  fort  of  what  the  Cbymifts  calt 
Regulus  Mortis  Stellatus^  where  the  Figure  of  a  Star,  or  a  Rgufe  fomewhat 
Kke  that  of  the  Deco6tion  of  the  Soot  lately'  mentioned,  will  frequently  ap- 
pear imboft  upon  the  upper  Superficies  of  the  Regukj^  and  (uch  a  nufed  Figure 
1  have  feen  on  a  Mafs  of  Regulus  made  of  Anfinwnf  without  Mdrs.  But  if  to 
thofe  two  Bodies  Copper  be  alfo  fkilfiilly  added,  the  Superficies  will  be  often- 
times adorned  with  new  Figures  according  to  the  Circumftances  •,  tho*  the 
moft  ufual  I  took  notice  of  was  that  of  a  Net,  that  feemed  to  cover  the  Sur- 
face of  the  compounded  Regulus.  But  this  is  not  fo  conftant,  but  that  I  have 
by  me  a  Mafs  of  the  Conicd  Figure  confifUng  of  two  very  contiguous,  but 
cafily  fepai^ble  Parts,  whereof  the  lowcrmoft,  which  abounds  more  in  Metal^ 
hath  its  upper  Surface  covered  with  round  Protuberances,  in  ihape  and  big- 
nefs  not  unlike  to  finall  Peafe  cut  in  two :  and  thefe  are  fo  really  imboft  and 
elevated  above  the  reft  of  the  Superficies,  that  the  other  part  of  the  Cone 
which  is  of  a  more  fcorious  Nature,  as  in  its  lower  Surface,  which  exa£Uy 
fits  the  upper  of  the  Regulus^  Cavities,  for  number.  Shape  and  Bignefs, 
anfwering  to  the  Protuberances  lately  mentioned ;  which  argues  that  die 
Regulus  cooled  firft  with  that  Inequality  of  Surface  we  have  defcribed,  and 
that  thd  Lighter  and  more  Recrementitious  Subftance,  continuing  longer 
Fluid,  had  thereby  opportunity  to  accommodate  itfclf  to  the  Superficial  Fi- 
gure of  atit  Regulus^  on  which  it  firft  leaned,  and  afterwards  coagulated. 

in,^aSi$  pv-  VIII.  J.  My  Brother,  Mr.  ^o.  Mofyneux  (in  the  Nouvettes  ie  la  Repttbliqae 
%2fr!!l%^.  ^  J>//r«)  has  given  this  Reafon  for  the  Phicnomenon^  viz.  That  the  Intemd 
fMOfU^Mf  Motion  of  the  Parts  of  the  Li(juor  does  keep  up  the  Particles  of  the  dijfohd 
J^iJ^m!"*  S^^i^y  foj'  tiiey,  being  fo  very  minute,  arc  moveable  by  the  leaft  Force  imagina- 
Moiyn'eur.  '  blc,  and  the  Aftion  of  the  Panicles  of  the  Menftruum  is  fufficient  to  drive  the 
^Hi^^aZ'iM.  Atomes  of  the  Dijfolved  Solid  Body  from  place  to  place  •,  and  confequently, 

notwithftanding  their  Gravityy  they  do  not  Sink  in  the  Liquor  Lighter  than 

tbemfehes. 

But  I  conceive  another  Account  may  be  given  of  this  Appearance^  and  that 

the  Prime  Law  of  Hydroffaticks  is  a  little  deficient.    'Tis  true  indeed,  if  we 

foniider  only  the  Spedjlck  Gravity  of  a  Liquor^  and  tht  Specifick  Gravity  of  a 

Solid 


r 
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Solid  Particle  Floating  therein,  the  forementioned  Rule  is  exad ;  but  in  Sink^ 
ing  there  is  requifite  a  Seforaiim  of  the  Parts  of  the  Liquor  by  the  Sinking 
Body  i  and  there  being  ar  Natural  Inclination  in  the  Parts  of  all  Liquors  to 
Union  J  arifing  from  an  Agreement  or  Congruity  of  their  Parts,  there  is  a  Refif- 
tance  therein  to  any  thing  that  feparates  this  Conjunftion  :  Now,  unlcfs  a  Body 
have  Weight  enough  to  overcome  this  Congruity  or  Union  of  Parts,  fuch  a 
Body  will  float  in  a  I^mior  SpecificaUy  Lighter  than  itfelf.  But  that  a  Heavy 
Body,  as  Mercury  or  Iron^  may  have  its  Parts  reduced  to  that  Minutnefs 
that  ihdr  Gravity  or  Tendency  downwards,  is  not  ftrong  enough  to  Separate 
the  Cobefion  or  Union  of  Parts  of  a  Liquor,  will  be  manifeft,  it  we  confider, 
that  the  Refinance  made  by  the  Medium  to  a  Falling  Body,  is  according  to  the 
Superficies  of  the  Body  :  But,  as  the  Body  decreafes.in  Bidk,  its  Superficies 
does  not  proportionably  Decreafe  :  thus  a  Sphere  of  an  Inch  Diameter  ha» 
not  eight  times  lefs  Superficies  than  a  Sphere  of  two  Inches  Diameter,  thq* 
it  have  eight  times  lefs  bulk,  and  confcquently  paffing  thro*  a  Medium,  as 
fuppofe  Air  or  Water,  the  Sphere  of  an  Inch  Diameter,  is  proportionably 
to  its  Bulk,  more  Rejiftedy  than  a  Sphere  of  two  Inches  Diameter  in  propor-* 
tion  to  its  Bulk  \  and  hence  it  will  come  to  pafs,  that  at  laft  a  Bodv  may  be  in- 
duced to  that  Minutenefs,  that  its  Gravity  Preffing  downwaras  (which  ia 
according  to  its  Bulk)  may  be  lefs  than  the  R^ance  of  the  Medium,  which 
operates  on  the  Surface  of  the  Body  \  feeing,  as  I  f^d  before,  the  Sur^cea 
of  Bodies  do  not  decreafe  fo  faft  as  their  Bulks,  thefe  decreafing  in  a  Tri- 
plicate, but  thofe  in  a  Duplicate  Ratio  of  the  Bodies  Diameters. 

But,,  becaufe  I  have  faid  that  the  forementioned  Law  of  Hydrofiatieks  is  a 

little  defedtiye,  I  defire  to  explain  myfelf  a  little  further  in  that  point.    In 

Weights  Failing  thro*  the  Air,  were  Gravity  only  confidered,  the  Propor- 

,  tiohs  of  their  Defcents  would  be  exaAIy  as  GaUleo  has  demonibated  %  but  it 

is  allowed  by  all,  that  the  Rejiftance  of  the  Air,  not  beix^  confidered  in  (hofil 

Demohftrations,  they  are  not  Mathematicalfy  Trut  in  ftSSice,  but  that  really 

there  is  fomething  of  that  Proportion  hindred  by  the  Air's  ReJ^ance.    Now, 

what  is  this  lefs  than  to  fay,  that  tht  Rejiftance  of  the  Air  takes  off  fome  of  the 

Operation  of  Gravity,  or  is  able  to  withftand  or  oppofe  part  of  its  Adion? 

And  if  fot  what  fliaJl  we  fay,  were  an  Iron  Sphere  let  thro*  a  Medium  of 

Water  ?  Surely  the  Proportions  of  its  Defcents,  would  be  much  more  di- 

flurbed  herein,  as  Water  is  much  more  folid  and  difficult  to  be  feparated  or 

pafled  thiro*  than  Air,  and  confequently  we  muft  needs  grant,  that  more  of  the 

Operation  of  Gravity  is  taken  off  or  refilled  by  this  Oppofition  of  the  Wa-  . 

ter,  than  that  of  the  Air.     And  if  fo,  furely  there  may  be  a  certain  D^ce 

of  Gravity,  that  may  be  quite  taken  off  by  the  R^ance  of  the'  Water.  Wer* 

a  Piflol  Bullet  let  fall  thro'  the  Air,    it  would  defcend  imperceptibly  nigh 

the  Proportions  that  Galileo  has  afligned  ;  but  were  a  fingle  Grain  of  &ffld  fo 

let  fall,  it  would  be  much  hindered  in  its  Courfe,  and  half  of  this  Grain 

would  be  more  obftrufted  *^  what  Ihall  we  then  fay.  of  the  Ten  thoufandth 

part,  or  of  a  part  of  the  Ten  thoufand  Millionth  of  this,  and  again  of  the 

infinite  Subdivifions  of  that,  till  at  laft  we  come  to  a  Part  that  would  be. 

wholly 


(  5(3^  >    ; 
^Ym^f-nMtdc  Of  kept  up  \  fiick  I  conceive  the  nuuuteParticlffl  of  a  Bady 

On  this:  Account,  'tis,,  I  fay,  that  the  fonBmeptio^ied  fnncipl?  pXHydrofia^ 
ticks  is  aiiittle  def€ajv(}i  for  it  confidprs.  npt  the  nat^r4  CoMgruity  of  the 
Parts  of  a  Liquor,  wberelpy  they  defire  as  'twere  to  ;uny£  and  keep  togcr 
ther^  juft  a§  we  fee  two  drops  of  Wacec  on  a  dry  3par4  being  brought  toge- 
ther^  do  jump  and  coalefce,  and  therefore  Liquors  h^ve  afi  innate  Power  of 
rtMini  a  certain  d^fee  of  Force  that,  would  feparaU  them }.  fuch  as  I  fupr 
pofe  die:  dfgree  of  Gravity*  in  the  moft  minute  Particles  of  a  Body  MJfohed 

Thefo.rero«ntwned.Rple  holds  true  to  the  moft  nice  Senfe  in  grest  Bodies  j 
but, in  thftfeth»t  aw  by  mmy  Millions  of  Pivifion*  finaUer,.it.  feen»»  to 

feit 

I  would  not  however  be^thought  whoUy  to  rejeft  my  Bretber^s  Soktm  of 

dus  Pr**^:  for  cesrtaioly  that  Motion  (whatfoever  it  is)  in  a  Men^rumi 

which  is  able  to  cUflR^re  fuch  a  foKd  Body  as  Iron,  that  is,  which  is  able  to 

difturjbr  the  dofe.and  fttong  Cohefion  of  the  Parts  of  IrcMi,  may  veiy  wdl 

be  liippofed.  fuffidentto  difturb  or  keep  up  thefe  Parts  from  rcfting  in  the 

Botwm/of  die  VeflfeJ*  wherein  the.  Solution  was  made  j  and  certdnly  no  bet« 

ter  A/tqwQC  can  pofl^y  be  given  of  iodaSobitionst  than  by  fuppofing  fuch 

9^i9tf(ri(ai  MdtmM  die.pwts  of  the  Mevpuum  inOnuaring  themfelve*  into 

thc.f(^;BQdy>  and  laotening  i«s  part?. .  .But  I  leave  to  others  to  confidcr 

what  kindof  il^i«»;and. peculiatj eonformauon  of  Parts  is  requifite-both 

igi-xYt^Mti^ntm.  and  in  she  diffi^ved  $ody,  that  *  Solution  may  tefult 

frpm.chgic  €.ommixtum>. 

Vm^ifUi  kf       !^.  iiio!  Liqwxs  confift  erf"  Parte  united,  and.du>-  riiis  Union  be  eafily 

j^hfcito-  deib^y^d^yecof  nccjeffiiy  it  requires  fome  d^?«e  <rf  Force  for  eflreaii^ 

•S^^*>J.       ifii.yqti  cfai»  Property,  ought  not  to  be  reJy'd  on  as  the  fole  Caufe  of  diis 

4if«VVittff.  For«.  in  this  SfiltttioH  of  the  ProHm,  We  firft  fuppofe  the  minute 

Pac^les.^  a.heavy  Body-  rais'd*  and  then  give  the  Reafon  of  their  not 

fmkjogii  whaxas  *tis  not  to  be  queftioned,  buf.tha  thatForee  which  nufed 

themi,  is  rile  Amc  thatkcq?s  thsm;from  falling  to  xhc  bottom- 

j,  u«ieruikt     JX,^  Sk  Smi  Morelaad  undertakes  to  demonihate,  (contrary  to  the  com- 
^J^'fh  ^  monitor  iweirad  Opinion  thro*  Etigktid  and  all  Europe) 
auD.Mocdind.     1,., That  he  will  force  Water  60  Foot  high  with  treble  the  Weight  that 
A^TjJitii^  flwU  wife  it  .20  Foot  i.andib  proportionably,  «» it^itm. 

2.  That  by,  how  xxoxh  wider  the  Barrel  is,  in  which  the  Forcer  works, 

than,  the- Pipe  thro*  v^ch  the  Water,  is  forced. up,  by  fo  much  is.  the  Eniim 

prefibd  wathr.unneaeffiiry  Weight. 

jiSifMinr-  X.  I.:  The  laft  SumttKr,  Jnn.  1684.  a  Treatife  fell  into  my  Hands, 
{jg«^^'callcd.5/>*(?  WaW<»A»x«iM,  or  an- inverted  Siphon  widi  Legs  of  the  lame 
siphowanem.  Hdg^t»  running  and  running  back  again,  fuch  as  had  never  been  heard  ot 
5^^*-^"  before.  The  Audwrfpeaks. wonderful. Things,  of  diis  Machine,  hut  hep 
ll.t67.^S4c.  the 

Mov>  Aa.  1684. 
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the  Readei^s  P^vdoti  for  hk  Aioft  Serene  Patron^  who  had  a  mbd  to  prt^ 
ferve  theStrufture  of  it  for  himfelf.  When  I  read  this  I  confider'd  how  a 
Siphon  might  be  conftrvided)  which  fhould  jperform  the  fame  Things  as  are 
faid  of  that  of  WiirtmbOtg.  Having  therefore  in  my  Hands  a  certain  Si- 
phon of  Glafs,  I  credted  it  as  nearly  perpendicular  as  I  could  over  two  Vef- 
fels ;  and  when  it  was  fixt  in  this  Situation,  I  poured  Water  into  one  of  the 
Veflcls^  dll  the  Orifice  of  the  Siphon  was  a  litde  immerfed  in  it,  and  pre- 
fendy  as  I  expeded  the  Water  run  out  into  the  other  Veffel,  Then  that 
Veflcl  being  emptied  into  which  I  had  firft  poured  Water,  I  poured  it  into 
the  other,  and  immediately  that  Water  run  back  into  the  firft  Veffel.  Tho* 
I  would  not  venture  to  compare  the  Artifice  of  this  Siphon  of  mine  with 
that  of  JVurtemburgy  yet  as  to  its  ufe  I  doubt  not  but  that  it  will  not  much 
yield  to  that,  efpeciaUy  if  a  certain  Inftrument  be  added  to  it,  which  I  have 
contrived  in  a  particular  manner. 

2.  In  the  Treatife  concerning  the  Wurtemburg  Siphon,  which  was  lately  3r  iv.  PapSs. 
printed  at  Stutgard  by  Dr.  Salomon  Reifelius^  certain  wonderful  Things,  and^'*^'*^^' 
before  unheard  of^  are  told  of  that  new  Siphon,  of  which  the  Charafteriflic 
Properties  are  declared  in  thefe  Words. 

1.  ^i  Orifices  of  the  two  Legs  of  his  Siphon  being  placed  Horizontally ^  are 
dipped  into  the  Brims  of  the  VeJ^ls  \  whereas  in  tbofe  of  the  antient.  Invention  the 
longer  Leg  alw^s  defcends  hekw  the  Brim  or  the  Equuihrium. 

2.  The  Orifices  being  either  partfy  or  half  fiWd  with  Water j  yet  the  Waier 
flows  out  when  drawn  over  a  Mountain.  Whereas  in  other  Siphons  the  whole 
Orifice  mufi  befiWd  with  Water ^  or  irmn/ierged  in  the  Water. 

a.  Tho*  the  Machine  be  at  reft  and  in  continual  Drymfs^  yet  it  will  produce  its 
EffeHy  Water  being  apply* d  again. 

4.  Either  of  th  Eyes  or  Orifices  being  open^  and  the  other  after  fome  Hours 
pr  a  Day  being  ftop*d  by  a  Cone  or  Stopper^  jet  the  Water  will  run  out  s  whereas 
in  others  both  the  Eyes  muft  be  open  at  the  fame  time. 

5.  ^e  Orifices  being  placed  in  an  Hbrizontal  LinCj  and^  the  Legs  being  equal  in 
height  J  yet  the  Uquor  will  run  out  •,  but  in  the  Machines  of  Porta  and  others^ 
the  Legs  muft  be  unequal^  and  the  Perpendicular  greater. 

6;  The  Water  being  poured  into  either  FeJJel  will  afcend  and  run  into  either ; 
whereas  in  thofe  of  the  Antient s  it  runs  out  at  one  Leg  only^  and  that  the  longer^ 
but  never  runs  back. 

Thefe  are  the  Words  of  the  Author ;  but  by  what  Method,  or  what  Ar- 
tifice thefe  notable  EfFefts  may  be  produced,  he  adds  not  a  Syllable.  There- 
fore the  Royal  Society  ordered  me  to  prepare  a  Machine,  which  might  ex- 
hibit the  fame  Phenomena  as  thefe  dcfcribed  in  the  Book.  I  have  perform- 
ed the  thing  after  three  dijBferent  manners  5  but  to  avoid  being  tediqus,  I 
judge  the  following,  as  the  eafieft  and  fimpleft,  will  be  fufiicient. 

A  A  are  two  Veffeis  of  Metal,  in  which  are  inferted  the  two  Extremities   ^i^m^ 
of  the  Siphon.    BCDEDCB  is  a  Siphon^  the  Eyes  of  which  BB  are  to  be   ^ 
difpofed  in  the  faniie  Horizontal  Line.    F  is  a  litde  Tube  foder'd  into  a 
»     Vol.  I.  Z  z  z  Hole 


Hole  in  die  upper  part  of  the  Stphoft,  and  carefuHj  dored^  after  t!he  Sifhcn  & 
totally  rcplcmmed  with  Watct.    Now  it  Is  plain,  that  ehe  Water  containM 
in  the  Parts  C  D  will  hinder  the  Influx  of  the  external  Air,  fo  that  it  cannot 
penetrate  to  the  -upper  Part  of  the  Sipbcn  E.    So  that  the  SipJbm  being  al- 
ways full  of  Water,  (provided  it  does  not  extced  a  due  height, j  w3J  txuA 
furely  produce  its  Effeft,  a$  fpon  as  the  Water  in  the  Vcffels  A  A  ihaii  M 
any  part  of  cither  of  the  Orifices  B.    Aad  when  both  the  Orificet  being 
pardy  filPd  with  Water;  in  ekhcr  Veiftl.  A  the  Surface  of  the  Water  fliall 
Come  to  the  fame  Horizontal  Line,  if  you  pour  never  fo  little  Water  to 
either  Veffel,  part  of  it  will  prefently 'be  carpy'd  through  the  Sipifon  into  the 
other  Veffel ;  and  in  the  fame  Method  the  other  Pbenonuita  may  be  exhibit- 
ed as  are  defcribed  in  the  Book.  - 
3y  D.  Salomon      J.  ThatI  may  not  any  longer  be  wanting  in  fatisfying  the  Defiit  of  the 
KdreiiusAiw-    jj^Qfl.  f^rene  Society,  I  confefe  that  the  9iphm  ofthe  moft  exceiient  Dr, 
11.178  /».  ia7s.  Papin  to  be  the  very  Wiirtemburgic  Sifhony  alfo  made  with  a  Recurvation  of 
Dec.  An.  i«5.  ^  ^^     ^^^  jg  ^^^        ^^^^  Myftery  at  the  Tc^,  as  the  Inventer  has 
defcribed,  dun  that  it  muft  be  filled  by  a  Funnel,  wittout  which  Impletion 
it  cannot  run  away.    This  (hall  foon  be  confirmed  farther  by  thePrefs,  bc- 
caufe  it  would  be  long  and  tedious  to  fet  down  evoy  thing  here. 

Now  that  I  may  fliew  at  prefcnt  that  I  have  already  perform'd  fomc- 
thing  about  the  jEffcfts  or  the  Siphon^  here  is  fpmeming  that  has  oc- 
cur*d  to  me  in  making  my  Experiments.  For  I  have  karn*d  how  the  Wa- 
ter may  run  out  either  at  the  top,  or  at  the  fides,  ^jiich  many  have  pro- 
mised to  do,  but  hardly  any  one  has  performed. 

jtNiwvsytf      XI.  I.  A  A  is  a  great  Giafs  made  like  a  Tumbler,  but  much  bigger, 
^S^S'    and  laid  upon  the  Chimney  Board,  B  B. 

prifofidi  h         CC  is  the  Engine  like  a  fmall  Rockj  that  doth  conftandy  j^^i//  out  Water 
^!\!^^^jo9^.  by  the  two  Holes  DD:  This  Rvck  is  kept  at  a  diftance  from  the  bottom  of 
jdyAij.  16S5.  the  Glafs  AA  5  fo  that  it  may  plainly  De  fecn  that  it  cannot  receive  anv 
'*•  '^•'      Water  by  fubterraneal  Tubes. 

E  E  is  a  faftitious  Or^/,  reaching  from  the  Center  of  the  Roci  C  C,  to 
the  Center  of  the  Crcwn  FF. 

F  F  is  a  Crown  bearing  upon  the  Aperture  of  the  Glafs  A  A,  and  holding 
the  Rock  CC,  fufpended  at  a  confiderable  diftance  fi^m  the  Bottom. 

GG  a  Glafs  open  at  both  ends,  apply 'd  to  the  Rock  CC,  to  keep  the 
Water  upon  it  from  failing  down. 
AfcVj  iy  Dr.       The  Water  in  this  Engine  runs  conftantiy.    H  H,  Two  Shells  to  receive 
wath.  Vincent,  thc  Water  from  the  yetto*s.  I 

Del^5;%6«f     a.  Widiin  the  Rock  CC,  there  may  be  a  Veffel  placed,  which  (hall  be         1 
made  like  the  Body  of  a  Pair  of  Bellows^  or  thofe  Puffs  heretofore  ufed  by 
Barbers^  which  bemgiaied  with  Water,  a  Piece  of  Clockwork  put  under  it 
may  produce  the  Jetton's ;  the  Water  being  received  into  rfie  Shell  HH,         i 
and  running  thence  into  Ae  hollow  of  the  Grd  E  E,  may  be  thereby  coo-  ■ 

ydyed  into  the  follicular  Cavity  in  the  fame  quantity  it  is  geded  from  tb^ 

tw» 
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tmerAeipt%T\xh»i  and  ie  will  cimikto  aecordfog  to  dke  going  lof  th« 

3.  I  conceive  that  the  Air  is  forced  into  the  antir  Glafs  at  the  bottom  %j/r.  &.  a« 
ithorcof.  i*f.it59. 

That  it  then  pafles  up  between  the  two  Glaffes. 

That  the  ouler  Glafs  or  Cafe  being  clofe  luted  at  the  Head  or  CrM;n  to 
^Mdt  the  hmer  Glafs  is  hong  by  the  Corals  the  Air  is  forced  into  the  Mouth 
of  the  inner  Glafs. 

That  the  Air  fo  forced,  preffing  on  the  Surface  of  the  Water  that  covers 
the  i?^^,  forces  the  Water  to  rife  thro'  thofe  two  extream  Parts  that  are 
not  at  dB  clogg'^d,  or  covered  with  Water. 

4.  ABDE,  fignifics  a  Cylindrical  Veffcl,  clofcd  on  every  fide,  and  di-^j>««'^^ 
vided  into  two  Rooms  by  the  Floor  E  F.  {m.  '    '  ^ 

GL  MH,  is  another  Cylindrical  Vcflcl  within  chat  ujpper  Room,  ce-"•^?«•^'*^4. 
mented  with  its  Moqth  downwards  to  the  Floor,  and  full  of  Water  up  toikc?Aa.i'6is. 
the  Surface  I K  j  the  upper  Part  thereof  G IKH,  being  full  of  Air- 

QP,  RP,  Two  Pipes,  open  above  and  below,  and  let  thro'  the  Upper 
Room  into  this  Veflfei,  and  reaching  almoil:  down  to  the  Floor  E  F. 

VW,  a  Pipe  open  above  and  below,  and  let  into  the  Upper  Room* 
Thcfc  Pipes  mufk  be  dofe  joined  round  about  them  to  the  Flocwrs  C  D 
andGH. 

X  Y,  Two  little  Hemifdberical  Bladders  prepared  with  Oil  or  fome  Oilv 
Subftance  (as  Butter  and  Turpentine)  againft  Water,  and  Cemented  with 
their  Mouths  upward  to  the  Floor  £  F,  undernes^. 

a,  p  Two  V  alves  Opening  out  of  the  Upper  Room  in  the  Bkddcrs. 

y,  i  Two  other  Valves  evening  out  of  Ae  Bladders  into  the  inner  Veffcl 
above. 

N  Zj  a  Pendidum  playing  upon  the  Centre  Nf  and  having  two  Batdedoor 
Arms  tf ,  hy  to  fqueeze  alternately  the  Bladders  which  reft  upon  them. 

Let  the  Upper  Room  be  filled  with  Water  at  die  Pipe  V  W,  and  if  the 
Penduhm  be  made  to  play  by  Cbek-w^riy  die  Bladders  will  perpetually  pump 
it  thence  into  the  Inner  veflel,  and  the  comprcft  Air  G I KH  in  the  Upper 
part  of  that  Veffel  preffing  upon  the  Surfece  of  the  Water  I K,  will  force 
it  thence  into  the  Pipes  O  Q^,  PR,  out  of  which  fpouting  with  a  perpetual 
even  Stream  into  the  Spoons  S  T,  it  will  run  down  by  the  Pipe  W  V,  into 
the  Upper  Room  again :  the  Pendulum  will  play  moft  eafily  when  the  upper 
Room  is  filled  to  the  Top  of  Ae  Pipe  W  V.  Inftead  of  the  Bladders  may  be 
other  Contrivances,  as  of  Suckers  or  little  Organ  Bellows,  playing  alter- 
nately with  two  Leaves  about  an  Axis  in  the  middle* 

5.  A  A,  is  the  Great  ^umbler^  that  muft  have  fome  little  Hole  in  the  ajy  Dr.  Papm. 
bottom,  as  I.  '  ,  ''^f/'Joo*' 

ILL,  a  flcnderPipe  hidden  by  the  Chimney  Board  BB,' whereby  the     '^'  *'°' 
Tumbler  A  A,  hath  Communication  with  the  Pumf  or  BeUPWs  M  M. 

'      Z  z  z  2  MM, 
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M  M,  fome  kind  of  Tmp  or  JBWKwx  well  fliut,  and  haviny  no  other  Aper^ 
ture,  but  thro*  the  Pipe  ILL.    Thefe  are  put  in  feme  fecret  Place  wAer« 
.•    '  aBbdymly^play  thelame  andhot  befeen.      .,•..;./ 

N  N,  a  flender  Pipe,  that  makes  a  Communication  between  the  Glafs  AA^ 
and  the  Crown  F  F  •,  this  Pipe  reaoheth  near  to  thccQver  of  the  Oown^  that 
the  Water  contained  in  it  may  not  run  down  by  that  Aperture. 

EE,  the  Faaitious  Coral,  hoUpw  within,  (hut  at  the  Bottom  and  open  at 
the  Top. 

D  D,  DD,  Two  crooked  Pipes  foldered  to  the  Sides  of  the  Coral  EE,  fo 
that  the  Water  running  down  the  Coral  may  fpoutout  at  the  Holes  D  D. 

OO,  a  Pipe  hidden  in  the  Coral  EE,  paffing  thro'  the  bottom  of  the 
fame,  where  it  muft  be  well  folder*d,  and  reaching  near  to  the  Bottpm  of  the 
HffckCC. 

P  P,  a  Pipe  to  conVey  the  Water  from  the  Glafs  G  G,  bto  the  Rock  CC  j 
this  Pipe  is  well  folder'd  to  the  Cover  of  the  faid  R^ck. 

Q^,  z  Valve  working  by  a  Spring  at  the  Bottom  of  the  f^ipe  P  P,  to  keep 
the  Water,  that  gets  in  that  Way,  from  returning  back. 

R,  another  Falve  at  the  top  of  the  Pipe  OO,  tJhat  the  Water  getting  up 
that  way,  may  not  fall  thro'  the  fame. 

Now  it  is  plain,  that  the  Rock  CC,  being  filled  partly  with  Water,  part- 
ly with  Air ;  if  we  open  the  Bellows  M  M,  the  Air  from  the  Crown  F  F, 
tnuft  run  thro'  the  Pipe  NN,  into  thcTawAfer  AAj  and  thence  thro* 
the  Pipe  ILLj  into  MM,  to  fill  the  Vacuity  made  therein :  The  Air  bi the 
Crown  FF,  being  thus  rarified,  gives  Uberty  to  the  Air  in  the  Rock  CCj  to 
rarify  too,  by  driving  the  Water  thro*  the  Pipe  CO.  The  Water  be- 
ing got  up  into  the.Cfo«^«  FF,  runs  down  the  Coral  EE,  and  thro*  the 
crooked  Pipes  D  D,  DD,  fpouts  out  at  their  upper  Apertures,  and  from  the 
Shells  HH  faUs  upon  the  Rocft  C  C :  If  lyc  come  afterwajrds  to  fliut  the  Bel^ 
lows  MM^  the  Air  got  into  their  Vacuity  muft  run  back  into  the  Tumbler 
A  A,  and  prefs  upoa  the.  Walter  z%  the  Top  of  the  RockC  C :  But  the  Air 
in  the  faid  Rock  havipg  been  rarified^  its  Spring  is  not  fufficient  to  refift 
this  Preffure,  and  fo  the  Water  is  forced  mto  the  laid  Rock  thro*  the  Pipe 
PP :  And  thus  opening  and  ihutting  the  Bellows  MM,  the  Water  muft 
conftantly  circulate  by  the  Ways  aforefaid. 
ThtUfi^ftUt  As  for  the  Ufcs  this  way  for  ratfing  fVater  may  be  applied,  to,  this  I  do 
cmtrivsnti.  conceive :  The  Glaffes,  being  merely  to  conceal  the  Secret,  muft  be  left  out  % 
and  their  may  be  made  feveral  Receptacles  above,  one  another  to  receive  the 
r^ifed  Water,  fo  as  doth  the  Crown  F  F :  And  there  flxould  be  as  many 
Bellows  to  communicate  every  one  with  one  Receptacle :  Thefe  Bellows  (houkl 
be  moved  by  an  A»&,  fo  that,  when  the  Firft  is  open,  die  Second  ihould  be 
fhut ;  the  Third  open,  the  Fourth  fhut  -,  and  fo  fortht  alternatively  ^  which 
may  be  eafily  done :  By  this  Means^  the  firft  or  loweft  Receptacle  would 
give  the  oeceffary  Supply  of  Water  to  the  Second^  the  Second  to  the  Thir^ 
and  the  Third  to  the  Fourth^  ^c.  till  the  Water  would  be  raifed  to  the  intend- 
.  cd  Height    Such  Receptacles  might  cafily  be  fct  at  i  a  or  j  5  Foot  above  one 

another* 
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another,  and  fo  but  few  of  them  might  raife  Water  to  a  confidorable  Height, 
as  well  as  ordinary  Pumps  do :  Bqt  this  new  Way  would  have  this  advan- 
tage, that  in  the  ordinary  Pumps  the  Strength  to  be  applied  Ucth  near  the 
Water  to  be  raifed,  but  by  this  Contrivance  the  Stream  of  a  River  may  be 
applied  to  draw  Water  out  of  a  Mine  far  diftant  from  it.  By  the  fame  way 
the  Stream  of  the  Thames  might  keep  conftant  fyater-fForks  in  JVtndfor-Cqftle^ 
as  eafy  almoft  as  in  the  loweft  Fields :  The  River  Seine  might  do  the  fame 
at  St.  Germainj  and  perhaps  at  Verfailles  too,  notwithftanding  the  great  Di- 
flance.  For  it  is  to  be  obferved,  That  the  Pipes  of  Communication  be- 
tween the  Bellows  and  the  Engine^  being  merely  for  the  conveying  of  the  Air, 
which  moves  very  fwiftly,  they  may  be  flcnder  enough,  and  fo  contain  but 
a  fmall  Quantity  of  Air  to  be  rarified  •,  and  befides,  they  will  not  be  fubjedt 
to  burft  or  leak,  fince  the  Preffure  they  bear,  being  all  external  to  the  Pipe, 
will  rather  ftrengthen  than  break  the  fame.  From  whence  it  follows.  That 
the  faid  Pipes  need  not  be  ftrong,  but  may  be  made  at  very  fmall  Charges. 
it  is  alfo  to  be  obferved,  That  thofe  Bellows  which  are  open,  have  the  Air 
in  them  very  much  rarified,  fo  that  the  outward  Air  lieth  heavy  upon  (to 
ihut)  them ;  by  which  means  the  Motion  of  the  Engine  muft  be  helped  in 
Lifting  up  the  oppofite  Bellows^  that  are  to  be  opened  :  And  this  Obfervati- 
on  may  anfwer  the  graateft  difficulty  that  might  be  objedled  againft  this 
Contrivance,  Sothat  I  don't  queftion  but  this  way  for  rai/mg  Watery  may 
on  fcveral  Occafions  be  of  great  Advantage.  ^ 

A  B,  AB,  Are  feveral  Receptacles  fet  above  one  another,  which  muft  beFir/Wr  r«. 
well  fhut  and  foldered  every  where.  ^^'''aoi 

CDD,  CDD,  Are  two  Oender  Pipes,  whereby  the  Firft  and  Third  Re-      *'     ' 
<eptacles  have  a  Communication  with  the  Fump  H  H. 

EFF,  EFF,  Two  other  flender  Pipes,  whereby  the  Second  and  Fourth 
Receptacles  have  a  Communication  with  the  Pump  1 1. 

HH,  1 1,  Two  Pumps  whofe  Plugs  are  fo  moved  by  the  Axis  L  L,  that 
when  one  goeth  down  the  other  goeth  up. 

MM,  a  Wheel  faftened  to  the  Axis  LlL,  that  it  may  be  moved  by  the 
Stream  of  a  River. 

NO,  PQ^,  NO,  PQj  Are  big  Pipes  for  the  Water  to  go  up,  from  a 
lower  into  a  higher  Receptacle. 

0»  Qj  O,  Q,  Are  Vdhes  fitted  to  the  Top  of  the  aforefaid  Pipes,  that 
file  Water  may  not  go  down  thro*  the  fame. 

Now  it  is  plain,  that,  when  the  Plug  in  the  Pump  HH,  is  going  up,  the 
Airdromes  in  thro*  the  Pipes  CDD,  and  fo  it  is  rarified  in  the  firil  and 
third  Receptacles  marked  A,  A :  And  by  that  Means  the  Water  may  be  dri- 
ven up  into  the  faid  Receptacles  thro*  the  Pipes  N  O,  becaufe  at  the  fame 
time  tne  Plug  in  the  Pump  II,  goiiq;  down,  caufeth  the  Air  to  return  to  its 
ordinary  Preffure  in  the  fecond  and  fourth  Receptacles^  that  it  may  be  able 
to  drive  up  the  Water  thro*  the  faid  Pipes  N  O,  and  the  loweft  Pipe 
draws  the  Water  that  lies  open  to  the  Air.  By  the  fame  reafon  when  the 
1^  in  the  Pump  II,  goeth  up,  the  Air  muft  come  in  thro'  the  Pipes 

EFF: 
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EFF :  And  fo  Ic  Is  raHfied  in  the  fecond  and  fouitii  Rusftarla  mafknl 

B,  B,  and  by  that  means  the  Water  coajr  be  driven  up  into  the  faid  Rfcepta^ 

cUs  thro*  the  FiJhfcsPQ^  PQ^  becaute  at  the  fame  time  the  Plvg  in  the 

Pump  AH,  going  down,  caufes  the  Air  to  return  to  its  ordinarv  Preflfiire 

in  the  firft  and  third  Receptacks^  fo  that  it  is  able  to  drive  up  the  Water  thro* 

the  faid  Pipes  P  a 

StvifMiohftSi-      6.  I.  To  keep  the  Receptacles  from  being  filPd  too  much,  the  Water  may 

•mmsdih      be  let  out  by  inferting  into  each  a  crooked  Pipe,   reaching  a  pretty  waf 

fL^d*fy^'''   downwards,  and  having  its  lower  Aperture  (hut  up  with  a  lulvc,  whereby 

i>r.  Pt'uin.       the  Water  may  run  out  when  the  Receptacle  fhall  be  fill'd  to  acertain  Height : 

ji^^A^.' itii.  And  I  may  add,  to  prevent  new  difficulties,  that,  left  the  Pumps  fliould  be 

fiird  too  much,  a  Valve  may  be  made  that  (hall  open  as  foon  as  the  Air  in  the 

Pump  Ihould  be  more  compreft  than  the  outward  Air :  So  the  Air  getdi^ 

in  thro*  any  Pores  would  be  conftandy  let  out. 

2.  I  have  not  pofitively  promifed  a  good  Succefs,  but  fw  fyindfor  vnd 
St.  Germain ;  but  when  I  fpoKe  of  VerfaiUes  I  ufed  the  Word  perhaps^  theid^y 
ihewing  that,  before  any  one  Ihoukl  go  about  fuch  a  great  Undertakii^  he 
Ihould  reflefk  upon  it  more  than  I  would  then  do,  not  having  occafioa  for 
fuch  Work.    But  I  now  make  the  following  computation. 

Let  the  Diftance  of  VerfaUksy  as  M.  Nuis  fuppoieA,  be  laooo  Foot,  and 

the  Capacity  of  each  Receptacle  btsbovit  one  half  of  a  cubic  Foot :  I  might 

make  the  Wheel  with  the  Axis  to  make  their  Revoktm  in  one  Minute  of 

Time,  and  fo  order  all  things  that  the  Air  under  the  afccndfaig  Pb^s  might 

come  to  be  rarified  to  fuch  a  Deggree,  that  by  its  Elafticity  it  might  not  coun- 

terpoifc  more  than  7  Foot  of  Water ;  but  at  the  fame  time  the  Air  in  the 

Receptacles  A,  A3,B,  would,  even  in  its  greateft  Dilatation,  be  able  to  coun- 

terpoife  1 7  Foot ;  So  it  is  plam,  diat  the  Air  will  be  driven  from  the  Recepta- 

cks  into  the  Pumps  by  a  Strcngdi  equivalent  to  10  Foot  of  Water  :  Now  if 

•mswp.      we  compute  the  ♦  Velocity  oi  Ah*  driven  by  fuch  a  Prcffure  wc  IhaUfind 

c^.^.  s.  3cn.  that  the  faid  Velocity  will  be  about  740  Foot  in  a  Second  :  So  that  in  half  a 

Minute,  during  which  the  Plug  goerfiup,  this  Air  might  pafs  above  mooo 

Foot,   altho'  it  were  not  rarified  at  all ;   but  being  ratified,  as  we  do 

fuppofe  it  to  be,  it  might  go  a  great  deal  further. 

I  muft  now  take  notice,  that  according  to  the  Honourable  Mr.  fitrj^sEit- 

Eeriments,  the  RarefaSm  of  the  Air  is*  much  feffer  than  M.  Nuts  tskts  it  to 
e :  for  the  Water  contained  in  the  Pipe  N  O,  is  lo  far  from  caufing  the  Air 
•  to  fill  up  a  Space  four  times  bigger,  that  it  will  not  extend  itfdf  to  a  Space 
once  bigger  than  before :  Confidering  therefore  the  Velocity  of  the  Air,  aAd 
the  fm^l  Dilatation  it  doth  fufFer,  if  any  one  wiD  take  the  TrouWe  id  com- 
pute, he  win  find,  that  if  the  Pumps  have  in  Diameter  the  Diagonal  «f /a 
lijuare  Foot,  and  the  fame  Height ;  and  if  the  fmall  Tubes  erf  CommunicBCion 
be  made  of  \  part  of  an  Inch  in  Diameter ;  fothat  being  12000  Foot  I019, 
they  may  contain  about  one  cubic  Foot  of  Air  -,  that  would  be  mare  tkn 
fuiEcient  to  make  the  neceflary  Rarefa&ion  in  the  Receptacles. 

Bur 
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But  for  the  good  Succefs  of  the  Eftgim  it  is  not  enough  to  make  the  Air  pafs 
from  the  Receptacles  into  the  PumpSy  it  muft  alfo  return  from  the  Pumps  into 
the  Receptacles :  Now  for  this  Intent  it  would  be  neceflary  to  fet  the  Recepta- 
ties  but  five  Foot  above  one  another  ;  fo  to  drive  the  Water  up  the  Pipe 
N  O,  it  would  be  enough  that  the  Air  in  the  Receptacle  B,  fhould  prefs  with 
a  Strength  equivalent  to  23  Foot  of  Water:  for  it  is  plain,  that  five  Foot 
in  the  Pipe  NO,  together  with  a  Preflure  equivalent  to  17  Foot,  wUch  I 
have  fuppofed  to  be  in  the  upper  Receptacle  A,  will  make  but  22  Foot  in  alU 
and  therefore  22  Foot  deprefling  in  the  Receptacle  B,  muft  prevail,  and  caufe 
the  Water  to  afcend :  Now  the  Preflure  in  the  Receptacle  being  but  23  Foot, 
and  the  Air  in  the  Pump  returning  to  its  ordinary  Preflure,  which  is  about 
33  Foot,  it  is  plain  that  the  Air  going  back  to  the  Receptacle^  will  be  driven 
by  a  Strength  equivalent  to  10  Foot,  as  wdl  as  it  had  been  in  coming  fromi 
die  Receptacle  towards  the  Pump:  and  fo  the  Bignefs  affigned  for  the  Com^ 
mumcatim  Pipes  will  alfo  prove  nrK>re  than  fufBcient  to  this  Eflfeft. 

From  what  I  have  been  faying,  it  is  plain,  That  in  great  diftances  thers 
fhould  be  made  as  many  Pumps  as  Receptacles y  as  hath  been  already  pro«- 
popndcd  :  And  fof  to  raifc  Water  but  16  Foot  High,  there  fhould  be  re- 
quired 13  or  14  Receptacles y  and  as  many  Pumps  of  the  Bignefs  aforefaid. 
Some  People  may  xAit  this  for  a  great  Difficulty :  But  I  anfwer.  That  in 
this  Engine^  this  is  not  fo  much  as  it  feems  at  firft  ;  becau(e,  the  Preflure 
being  all  from  without,  there  is  no  need  of  any  great  Strength  to  refift  it  \ 
and  ?o  the  Metal  for  the  Pump  will  coft  but  little :  There  may  alio  be  found 
Occafions  where  to  m^e  fo  good  ufe  of  them,  that  fuch  an  Engim  as  I  have 
defcribed  would  in  a  Year's  time  fave  Labour  enough  to  pay  for  many  PttsnpSy 
feice  it  might  every  hour  raife  about  1 800  Pounds  of  Water  to  the  Height 
of  60  Foot.  Mean  while  I  don't  pretend  to  have  given  here  the  beft  Pro- 
portion for  the  Bignefs  of  every  part  of  the  Engine ;  but  it  may  be,  by 
altering  the  Capacity  of  the  Pumps^  of  the  PipeSy  or  of  the  Rec^acles^  a 
much  more  confiderable  Efleft  might  be  produced. 

3.  The  Water  doth  not  at  any  time  alcend  higher  than  from  a  lower 
Receptacle  into  the  next  upper  Receptacle '^  which  Height  is  but  12  Foot:  So 
that  it  is  plain  enough,  that  the  Preflure  of  the  Air  may  be  Aifiicient  to 
drive  it  up.  It  is  indifferent,  whether  it  be  by  Rarrfadtion  or  otherwife 
that  the  Water  comes  into  the  Receptacle  A  \  it  is  enough  that  the  Water 
is  there,  and  that  the  Air  prefles  upon  it  with  fuch  a  Strength  as  will  {»«*- 
vail  againfl  all  that  oppofeidi  it. 

4.  Tho*  the  Ufe  of  the  Pipes  be  merely  for  conveying  of  Air,  they 
may  ncverthelefs  be  eafily  fiH*d  with  Water,  when  need  f equTOS  j  and  fo  the 
Deiedls  in  them  may  a&  well  be  found  out  as  in  Pipes  that  are  ufed  for  the 
conveying  of  Water. 

XH.  A,  TheFi^r^^r^-  t^jKi 

By  The  Btyler.  %rl'^^%f. 

CC>  Two  CockSy  which  convey  the  Steam  by  turns  to  the  Veffils  D  D.       Tbi!  savcrj?! 
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DD,  The  Vijfds  which  receive  the  Water  from  the  Bottom,  in  order  to 
Difchargc  it  again  at  the  Top.    ' 

EELE,  Valves. 

FF,  Or/fcjwhich  keep  up  the  Water,  while  the  Valves  on  Occafion  arc 
deans'd. 

G,  The  Fi^rr^  Pipe. 

H,  The  Sucking  Pipe. 

I,  ThtfVater. 

An  Hydrsmii^m     XIII.  This  Engine  is  a  Cbefi  of  Copper  A,  pierced  with  many  Holes  above 

f!*f*!'.  ^  . .  BB,  and  holds  within  it  the  Body  of  a  Pump  EFM,  whofe  Sucker  D  E,  is 

•.i«s.f.679.  raifed  and  abafed  by  two  Levers  C,  O  ;  thde  Levers  having  each  of  them 

An^isjsf'     two  Arms,  and  each  Arm  being  fitted  to  be  laid  hold  on  by  both  Hands  of 

a  Man.     Each  Lever  is  pierced  in  the  middle  by  a  Mortife  aa^  in  which 

en  Iron  Nail,  which  paffes  thro*  the  Handle  of  the  Sucker^  turns  when  the 

tucker  is  raifed  or  lowered.  Near  the  Body  of^the  Pump  there  is  a  Copper  Pat 

I,H  L,  joined  to  it  by  the  Tube  G,  and  Imving  another  Tube  KNL,  which 

in  N  may  be  turned  every  way. 

To  make  this  Engine  play.  Water  is  pour'd  upon  the  Chefi  to  enter  in  at 
the  Holes  that  are  in  the  Cover  thereof.  This  Water  is  drawn  into  the  Body 
of  the  Pumpy  at  the  Hole  F,  at  the  time  when  the  Sucker  is  raifed :  and  when 
the  fame  is  let  down,  the  Valve  of  the  fame  Hole  F  (huts,  and  forces  the 
Water  to  pafs  thro'  the  Hole  M  into  the  Tube  G,  of  which  the  Vak/t 
H  being  lifted  up,  the  Water  enters  into  the  Pot^  and  filling  the  bottom,  it 
enters  thro*  the  Hole  K,  into  the  TubeKNL,  in  fuch  a  manner,  that 
when  the  Water  is  higher  than  the  Tube  KNL,  and  the  Hole  of  the  Tube 
•G  is  fhut  by  the  ValveJ^j  the  Air  enclofed  in  the  Pof  hath  no  Iffue  5  and  it 
comes  to  pafs,  that,  when  you  (continue  to  make  the  Water  enter  into  the 
Pof  by  the  Tube  G,  which  is  much  thicker  than  the  Aperture  of  the  end  L, 
•at  which  it  muft  iffue,  it  muft  needs  be,  that  the  furplus  of  the  Water  that 
-enters  into  the  Pot^  and  exceeds  that  which  at  the  fame  time  iffues  thro^  the 
.fmallend  oiF  the  Jet,  compreffes  the  Air  to  find  . Place  in  the  Pol:  which 
•makes  that,  whilft  the  SucJ^er  is  raifed  again,  to  make  new  Water  to  enter 
into  the  Body  of  the  Pump^  the  Air  which  has  been  Cofpprefs^d  in  the  Pcf 
drives  the  furplus  of  the  Water  by  the  Force  of  its  Springs  mean  time  that 
a  new  CompreJ/ion  of  the  Sucker  makes  new  Water  to  enter,  and  caufesalfo 
a ntvr  Comprejum  of  Air.  -  And- thus  theCourfe  of  the  Water,  which  iBues 
by  the  Jef^  is  always  entertained  in  the  fame  State. 

jiche^  Pmmp:      XIV.  A  A,  the  Body  of  a  fquare  Taper  Pump^  made  of  Oak,  Elm,  or     1 
ty  ^i'  ^rjf"-  Deal  Planks ;  with  a  Valve  at  bottom,  a  a. 

juaeAn.167'7.      BB,  the  Bucket  J  in  the  midft  of  which  there  is  ^  Valve  b^  not  vifible  ia     \ 
the  Figure,  being  concealed  by  the  Sides  of  the  Leather,  b  b. 
CX^C,  the  Iron  to  raife  the  Bucket. 
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D  D,  the  Wood  at  the  bottom  of  the  Bucket  containing  the  Fahei 

E  E,  the  HanJk  for  railing  the  Bucket^  to  be  managed  by  fewer  Hands   **  »o4. 
than  oixiinary  Pumps  are ;  which  may  be  altered  fo  as  to  employ  a  Horfe,  or 
Mill,  or  other  fuch-like  way^  more  advantageous  than  that  or  this  Handle 
mana«d  by  the  ftrength  of  Men. 

F  F,  a  Sauare  Taper-Box  with  Holes  in  the  Sides,  and  open  at  the  Bot- 
tom ;  into  the  narrower  part  of  which  is  enclofed  the  narrower  End  of  the 
Body  of  the  Pump. 

G  G,  an  additional  Bucket  of  a  larger  Dimenfion,  to  be  placed  on  the 
Iron  Work  of  the  Pump  zhout  H,  when  it  fliall  be  needful  to  lengthen  the 
Taper  of  your  Pump^  and  therd^y  to  raife  the  Water  more  forcibly  to  a 
greater  height. 

II,  the  Spout  of  the  Pump^  to  caft  out  the  Water,  of  the  fame  BreiKlth 
with  the  fide  of  the  Pump. 

KK,  the  Iron  or  Wooden  Work  fet  oflF,  or  bent  back  (if  need  be)  and 
placed  at  the  back  of  this  Pmpj  for  the  eaficr  and  more  edacious  Motion 
of  the  Pump-Handle^  in  which  it  moves. 

This  Pmp  was  by  me  contrived  in  1673.  when  the  New  Canal  of  Fleet- 
River  in  London  was  enlarged:  It  was  found  to  r^feat  leaft  twice  as  much 
Water  proportionably  as  thofe  of  the  fame,  or  rather  bigger  Bore,  that  were 
lirft  msule  ufe  of  and  caft  by.  It  was  8^  Foot  long,  and  i  Foot  8  Inches 
broad  at  the  top,  and  about  8  Inches  broad  at  the  b^om,  where  it  is.  th- 
ferted  in  the  Box ;  and  did  caft  out  8  Gallons  at  a  Stroke^  and  21  Strokes  be« 
ing  made  in  one  Mtnute^  there  were  delivered  about  169  Gallons  in  aMm/^s 
time ;  whence  it  is  eafy  to  compute,  what  Quantity  is  thrown  out  in  an 
Hour.  This  kind  of  Pump  may  oy  the  fame  Contrivance  be  made  of  a  Tree 
bored  thro'  with  aTaper  Bore:  and  a  Balket  niay  be  ufed  at  the  bottom  of 
the  A»yp  inftxad  of  the  £w-C^AmiRr. 


XV.  Papers  of  lefs  General  Ufe^  (Extraffed  from  a  Book  of]o.  Alph.  Bo- 
rellius  de  Motn  Animalium)  omitted. 


I.  \   Way  low  a  Mm  moy  Swim  under  Water,  and  breathe  iy  the  Help  of^^  ^^^ 
j\^   a  Bag  about  his  Head.  A.t.^$^ 

2.  Another  way  ^BreatMng  under  Water  Ij  the  help  of  a  Leathern  Pipe  kept 
ppen  ly  wreathed  fPTreSf  smd  extend^iy  theSmmmct^s  Sead  to  the  top  of  the 
ITaier. 

3.  jf  way  to  make  a  Subnuffine  Veflel  accommodated  with  ways  to  Row  //, 
mndta  make  itKkandSu^m  the  Water. 
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XVI,  Accounts  of  Bdcks  omitted* 


j.|MtydTofts^ticaI  Pa^doxcs,  mad^  m-kj)  New  Eitpmittehts,  (farikmK 
JfX  /^^^  -Pi^!^^  W  ^^i'^  by  the  Honour  able  R.  Boyle,  -^, 
2.  Recueil  de  diverfcs  Pieces  touchant  quelques  NouveBe^  Mtdms^  &a 

Par  D.  Papin^  M.  D.  ACaJfel     16^^.  in  8w. 


C  H  A  p.    VH. 

Geography^    ifavigatidn. 


^!^^^^^L  ^'  *T*  H  E  i^^P^k  ^f  ^  PJ^^^  unori*  the,£tfr/i&  is  an  -Afcbof  the  Egoinoc- 
rpJaSfloro/'-    '   X  \ti^l  |nterceptp4.  between  wo  TW^idians ;  or  the- %ace-ot  time 
!l!*u8.  ^!^5^^**^^-^  «M0*eF;d  ^y ,  tjbe,^ Riuinoaiil ' between  two-  Places.   -. WhcrefoRLit 
cxa.  a1i. '1675/. 'Would  bei  pmpfr  to^J^fthe  l?egii)ning;  of  ^Loiigifude,  in  th&  Equmodialit  fdf. 
•  IVfeieoveibfince. the  fi^^inqfii^ Grcfc  divides •  Ae'. *QfcW  into-Northcmand 
'  Soudieni  Heaiifpheres^  ^f'i^9  ^^Qg  of  this  Tritfl^  ^MbdHan  is/appoimed 
in  it,  there  wiil  be  an  "Equality  aftd' Conformity  BetJwfen^the^N 
and  Southern  Parts.    Befides  it  is  necbilary '  tor  e^aione&jj that:  the  Piace.of 
this  firft  Meridian  fliould  be  fmall,  that  the  Reckoning  of  the  LngtMie 
may  l^jS  e^sfprefsf d  ^e  mprq  exadtiy ;  not  as  fome  have  done,  who  have  af- 
fumed  all  the  Fortutiat'eiJlandsioti^tXTt^^  of , Longitude, ^and  did 

not  regard  the  DiKance  of  ^two  Degreed  Vhiduth.ey;h^ve*&bni'  one' another ; 
which  furely  is  very  abfurd.  Again  care  muft  be  taken  that  the  Primar) 
A&ridi^n  inBX  nq^.be  confounded  with  the  Land  and  Draughts  of  Places 
which  arfe  described  on  the  *(?^^*. or  ^/>^,  whkhmuft.beif  kpafftt  thrf 
the  mWft-  of  Countrips.  And  if  it  divides  Ae  principal,  Far^  of*  thrvEati, 
.as  Am^ricay  Africfi^\Euir»pe^j^ puffing >44*»-;.t^c^^  1^  fo  4kv^  ik 

fitter  and  more  convenient  ^in  tht  "Riftsfi^^^^on  ^^tj^^araquema  GUt 
Now  qonfidering  4U  thefe  Reafons  here  mentioiiea,'  .X^hMi^fe  fouhd»  dttt  as 
Nature;  which  provides  nodiingiaVaiiii;j^placfda.^^^^  Iflahd  under 

the  very  Equino£fial  Circle^  near.jBl^^jv^mcrl^ 

Ifland  is  diftant  from  the  Pike  of  Teneriff  9  DeCTees  'tVtitt  Weft;   and  hw  ■ 
Uraniburg  42  Degrees  to  the  Weft,  in  which  all  theCircumftances  arefoi£il 
proper  to  conftitute  the  firft  Meridian^  as  by  me  have  been  enumerated. 


II,  I.  ThAfe  that  iqtqid  to  make  ufe  of  Pendulam  tVatcbis  at  &ii,    muft  ^- Haygen'i 


2.  Thd  ff^atchei  on  Shithdard  ire  to  bo  hung  in  ijCIofc;  Place,  where  they 

lay  be  fipeft  from MoiftV  ^"^^^  -••'''''^-  -^^"^ ^  ^"-•"  -^^^--^  -'  "- *'•  ^" 

by  knockjing  ot  tpuchipg. 


may  be  fipeft  from  Moiftjp'c  orDdfts  ajgdput  of  Danger  ot  bfcing  diforderedAfay  a^iU). 


^.  Befiprer  the  l^dtcbifbt  broiiif^tcon£bifboar4^  Ttis  convenient  they  be  ad- 
jufted  to  ja  Middii  ot  Aftf4W  J)^  )  the  l^e  of  them  being  then  moft  eafy.    . 

4.  H^e^ake  iiOticei? 't'hat  tl^^^iMvpiiSeth  the  12  Signs,  or  makes  one  ^^^.^^^ 
entire  Revolution  In  ihh£clipt^€]it  it()i$^  Days,  s'*  4S',  or  thereabout  •,  >F3ii«*fi. 
and  that  ^dfe  Davs;  recked  fromJ^opnj  t9  Noon,  arc  of  different  Lengths ; 
as  is  knqwTi  to  ajl  thafr;are  yerfedj  la  y^rfar^y,  jNow  between  the  Longeft 
and  the  ^borteft  of  thoib  Days;  iPay^  t^  be  tikm  of  fuch  a  Length,  as 
^65  fuch  Dayi,^  ^  49V;fcfr.  dwfkc  up,  'or  are  equal  to  that  Revolution  ; 
and  thisjis  caHei^  Jthe  4?^  ov  Mmh  D^^.  according  to  whkh  the  ff^atcbes 
are  to  bt'Sfet;  aKdthfttfote  thd  Hoqr  cr,  Minute  Ibewed  by  the  fFatcbeSy 
tho*  thejr  be  peifeftlvyuftand^cqiial,  ffnuft  needs  differ  almolt  continually 
from  thftfe  that  aft  mfctr-dbyt^if««,;pt  are  reckoned  according  to  its  Mo- 
tion, j^ut  this  iMfierenceis  ^eanar^napd  is  otherwife  called  tlie  Equation  % 
which  i$  accounted  frdiaithe  6c£of  tsbfuanf  m  the  following  Table. 
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By  the  htlsp:  crf^  fheiojrpsoing  Table  ym  will  alwayrkn(y7  T/hat  a  Clock 
it  is  by  the!5«»  precifely,  and  confequeritly,  whether  the /Ki/cA^j  have  bcm 
fet  to  the  right  Meafure  ^  of  xhc;iifof»-i%T  or  riQ^^.iifi/jg  the  Ta^le  as 
follows.      *  ,  ■  '  '  {  '        '  J  '  I  '       '  . 

When  you  firft  Set  yoiir  ^^/4ty^h^4P«iF  you^arg  tQ/o^duft  from  the 
Time  obferved  by  the  5iw^.tfee  ^qikoion^djcintd  jiqthatiliay^of  the  Month 
in  the  TaiU.  and'to  Set  the  TVatches"^  to  thq  rf  mi|ining  i|pursj  Minutes  and 
Seconds ;  that  is, 'thfe  tf^atches  aretQibe  Seffo  mpc^ .Slo^i^if  man  the  Time 
of  the  5ttw,'.as  (in  tht-Taik"^  \i  the  ^uaiiakiii  th^q  pay 5^  jfo  that  the  uS^ua^ 
Hon  of  the  PAy  added  t6  the-  Time,  of  tihaiClockj  if  thp^  .tj^e  Time  by  the 
Sun.   And  when  after  fomeDaysf,  yo»  defu/5^. to  know  Jjy^tifc^^/fi  the  Time 
by  the  Surii  you  are  to  i^tj  to  the  Timedl^ed  .bgr  t^e  ffmli  the  jEquatim 
of  that  D4y  ;  arid  the  ilgwcgate  Ml  be  fh*  T^P  i?y  tj^ei^a^^,  if  the  fFatcb 
hath  beenlperfcftly  well:a^ji!ifted  after  ^th^Me^jire  of  the  iife»»  Dajs-^  for 
theDoing^Q^  whicW»  tMs|will  beacomgcaiont  yf^iTj,     j.  ;,  i 
•'  Draw  2L.]^ridianLirfevipbn  a  Flopr,:.attd-thQhiha^g  j:).y0  Eiumniets,  each 
by  a  fmairXhrcad  or  \ViEe,'direaiy  ovgt.tlje  f^d\  li^en^^idn^^     the  diftance 
of  fome  tii^TQ  Foot  or  m6r€(  dhe  ffom  the4)th«r,  a?  theiSm^lmeip  of  the  Thread 
.  will  admit.f   When  the  Middld  of  thef  iJpi  (the.Ej[e  l^ingj)laced  fo,  as  to 
'brine  bot^  the  Threads^  into  orie  |j,i5e)4^5)?ars io.be  in^  jHp  Jtome  line  exaA- 
ly  (for  the  .better  and  mQre^fecure:difc^mij^w|ier-€9f,  yoji^  muft  be  fumiih*d 
with  aGiafs  of  a  dark  Colour^  .or  (bmewhat  Blacked  ^itih  .the  Smoak  of  a 
Candle)  you  are  then  inmiediatcly  tq-  Sec  the  Watcb^  not  precifely  to  the 
Hour  of  12,  but  by  fo  much  lefe  as  is  ttie»^ji^//^»  ^^^.  ^^Y »  ^-S^  ^^ 
were  the  jztb  of  Marcb^  -^t  JE<pMMn.c£  that  pay  bbng  by  the  Table, 
8'  3''  th^fe  are  to  be  fubdu6ted  from.ia  Hours,  ai\4  tHe  Remainder  will 
be  ii\  ^i'  57"^  to  which  Hours^  Minutjes,  and^Sq:;phds»  you  are  to  Set 
the  Index  if  thei  fTatcb  reipeftively  :  vThen  after  fomp.Days  you  are  to  oi>- 
ferve  again  in  the  fame  maQner,  and  likewife  to  jnofe  t|^e  Hour,  Minute^  and 
Second  of  the  fFaub ;  txj  which  you  are  to  add  the  Equation  of  thefc  Day^ 
taken  dut  of  the  Tables  and  if  the  Aggregate  do  juft  make  12  Hours,  the 
Watcb  is  adjufted  to  the  Right  Meafure ;  .but  if  it  dij5er$  you  are  to  divide 
the  Minutes  and  Seconds  of  that  Difference  by  thp  Number  of  the  Days  be* 
tween  both  the  Obfefvations,  to  get  the  daily  Differ^ce, 

Let  us-fuppofe  thisiecQiid  Obfervation  to  have  been  made  the  20***  of  Mmrcb^ 
viz.  Eight  Days  after  the  firft,  and  finding  that  the  Middle  of  the  Sun^  being 
feen  in  the  Meridian  in  the  fame  Line  with  the  two  Threads,  as  before. 

The  ^tf/rir  points,  —  ■         ■     11     51'     07". 

The  jEquatitm  of  the  20/A  of  Marcby  by  the  Tabk^  is       —    00     10      40 
Which  being  added  to  the  Time  IhowM  by  the  Watcby  gives  12     01       47 

If  this  had  been  juft  12  Hours,  the  Watcb  would  have  been  well  adjvifted^ 
but  being  i'  47'',  more  than  12,  it  hath  gone  fo  much  too  fail  in  ei^bcl 
Days.    And  thefe  i'  47'',  that  is  107'',  being  divided  by  8,  there   ooroe^ 
1 1\  Seconds  for  the  Difference  of  every  24  Hours ;  which  Difference  beii^ 
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]^flOwn>  if  yG.U:Want  time,  or  have  n6  mind  ta'take  the  Pains  to  adjuft  the 
Wahh  to  its  riph^  taeamrB,^(tWs  bdrig-notntt^ 

[t  thus  on  Sf^i^- Board),  note  only'the  'daily'Differciace^  and  reg^j^?  yourfelr 
accprdiriglv!  "Butf  If 'you  \^1Q  ac!ju(t  kbctccrv  you  muft  rqnioyc  the\  lel^ 
Weight  of  the  PeitMum  a  liWtd6whwafd8,\  which  .will  make  it,  go. /lower, 
^d^nfli*  you  mi5fft  bfegin'a-net**  to^  obferve  by  the  iSisr^.  as, ..before.  /  Ii 
itj  h^d  gone '  top  11bV>  ^jon;  mifft  -  have  ^removed  the .  xoentipped  Weight 
^m^what  upwards;  And  this^  is  6f  that -Importance  in  the  finding  out 
f&  Ijiimtudes^  that  if  it  be  not  obferved,-  yoU  may  iometimes,  in-,  the  fpaqc 
of  Three  Months  mJfreckdn  7  Degrees,  aftd  more  yet  (without  aay,  fault 
ijh  the  fVatches  j)  which  under  the  Trapkks  will  amount  to  abore  40Q  Englifif 
'Miles.         '  .  '       -       ■  '  '     .      ^ 

The  PVatcb  may  alfo  be  adjufted  on  Boards  when  a  Ship  Rides  at  Anchor, 

.  thus :  In  the  Morning,  when  the  Suff  is  juft  half  abov£  tht  Morizony  Note 

wIiatHour,  Minute  *and  Second,  ihtfVaicb  points  at,  if  it  be  going  i  if 

not,  fet  it  a  going,  arid  put  the  Indexes  at  wh^  Hour,  Minute,  and  Second 

you  pleafe.     Let  theni  go  till  Sun-Set^  and  when  the  Body  of  the  Sm  is  juft 

.  Mlf.undef  the  Horizony  fee  what  Hour,  Mihute,  and  Second  the  Indexes  of 

^  the  ^afcb  point  at,  arid  note*  them  to6  5  and  reckoni^  how  many^Hour^^  (^c. 

afe  pafled  by^the  FTatcb  between  the  one  and  the  other.,  .Then  taJcR  the  half 

.<^  that  Number,  and'add  it  to  the  Hours,  ftfir.  of  the  Morning. Qbfeyvation, 

^^d  you  l^allhave  the Hours,"G?r.  which  tlie  ff^^ueb  did  &ow, .wjK^the  ^un 

wasinthe  5^«/2;  whereiihto  add^t  TE^atian  in  the:Table  beloijging  to^ 

'that  Day,  and  note  the  Siim'.  Then,  fome  Days- being  pafs'd,  (th^.mor^  the 

better)  you  arfe  tQ^Jbjufl:  the  fame :  Atid  if  the  Hour  of  this  feft  P^y  be  the 

'feme  that  was  noted  bfcfyre,*your/ir^/t?&  is  well -adjufted ;  but  if  it  he  q^orc 

or  lef?,  the  Efifierence  divided^'Bylhe  Number  elapfed  between  thcjt^pOb- 

f. ferv'gdons,  ^'  will  give  .tHe'd^Iy  Difference.     And  if  you  wilU.  you  q^ajf  let  it 

5eft^t9erc,  ,or  otherwife,  reirroving  the  lefTer  Yf tight  oLxht.  Pendulumyy  you 

.  jpay  ;^juft  itTett'ef.;.  Ydn  My  dlfb,  ihffeaft}  06 the  Su»'j  Ri^ %r^  ^^^m^ 

jVtake  two  equarAItitildes  of  the  5tt»i'befol=ey  and  ^terJStoon,.... and  haying 

noted  the  time^iveh^By  \\\t  Tt^atcbes  iat  the  time  of^  bath  the  Ofef^sj-y^tions, 

.proceed  v^thit  in  thfe  fame  Manner,. as  was^juft^now^diredted/pr  .dbferying 

-  ^he  iS«»  in  the  /f^r/^^^  either  of  Which  ways-there  may.  be  feme  Error, 

'  "caufed  \xy^theSun[s Rejraffion  j  wlltohis inconfiderabJe, and  tbsrefiOf^ iiceds 

not  to  be ^taken  notice  of     '  "  —  -        ....:,    .  j.  1 

•  '  i.:GiVd  tQ  each  of  the  TVatcbes  a  Name,  or  a  Mark,,  as  A,  B,  G>/andro^*yr^' 

before  you  fSt  'Satl^  fet  them  to  the  Tinfie  otfervcd  by  xhc  Sun^^  in  .the  jPlace'^'j,^;*^'^ 

'w$ete  you  are^  and  ^^hebce'you  are  departing,-  allowing  for  t\it\  J^qu^tipn  of 

-    the Pavwhereon you  make yoiif Obfenration  -,  ^hich Day  you  ^e .iq  note, 

.  .if  the  fvatcbes  be  not  Svell  adjuited ;  dtherwife  it  is  not  necefftry^     , 

.,   Then  afterwards  being  at  S'^iJ,  and  defirift^  to  kwow.thcL  Longitude  of  the 

Plape  where  you  are  \  that  is,  How  nrtany  deg^^^s  «heMeridian  of  that  Blace 

is  more  Eafttrly  or  \Vcflcrfy;  than  the  Meridian^of<ttiatPkce  wKere.you  did 

fetthe/^(^fi&^j.3  you  muft  obferve'By^^the-Sii^'ftr.'^Air/^  what  Titne  of  the 

i^y  itlsVas  ptecifelyas  ispdffible,  and^^Iote'tf'«k»feiwttoic,i>tQtiKh5*Hou^   . 
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Minutes  and  Seconds  the  Watches  do  point  (which  Time,  if  the  IFaicbes  be 
not  fet  to  the  Right  Meafure,  is  by  the  known  Daily  Difference  to  be  adjuft* 
cd,)  adding  thereunto  the  ^qualion  of  the  prefcnt  Day,  wluch  gives  you 
the  time  oF  the  Day,  Ihcwcd  by  the  Sun,  at  thie  Place  where  the  fTaubes  were 
fet :  And,  if  this  time  of  the  Day  be  the  lame  with  that  obfervcd  where  you 
arc,  then  you  are  under  the  fame  Meridian  with  the  Place  where  the  Watcher 
were  Set  by  thtSun ;  but,  if  the  time  of  the  Day,  obfervcd  where  you  are, 
be  greater  than  that  (hewed  bv  the  PFatchis^  you  may  be  affured,  that  you 
are  come  under  a  more  Eafterly  Meridian ;  and  if  lefs  you  are  come  under  a 
more  Wefterly.  And  counting  for  every  hour  of  difference  of  Time,  15 
Degrees  of  Longitude^  and  for  every  Minute.  1 5  Minutes,  or  i  of  a  Degree, 
you  fhail  then  know,  how  many  Degrees,  Minutes,  £*? r.  the  laid  Mridians 
do  differ  from  one  another.  E.  g.  Suppofe  the  TFatcbes  A,  B,  C,  were  Set 
at  the  Place,  whence  you  parted,  on  the  lotb  of  February^  to  the  time 
of  Day  obfervcd  by  the  Sun^  abating  the  jEquaium  of  the  ^otb  of  February^ 
(viz.  2'  28''.)  and  fuppofe  that  the  ff^aUb  A,  be  fet  to  its  Right  Meafure,  but 
that  B  goes  every  Day  7"  too  Slow,  and  C  every  Day  i2r  too  feft :  Some 
Days  after,  fuppofe  the  5/i&of  A%,  defiring  to  know  the  Longitude  of  the 
Place  where  you  are  at  Sea. 

You  obfcrve  the  Time  of  the  Day  there  to  be  — —  —  05^  x8'  10'' 
And  vou  find  the  fTateb  A  to  point  at  ■  — —    02    06    00 

But  tne  fTatcb  B  to  point  at    — —    •— —        ■  —     i     ^7     22 

Going  too  flow  by  7''  every  Day,  which  makes  m  74  Days  7    -^    ^o       <• 

{viz.  From  the  20th  of  Feb.  to  the  5/i  of  May,} —  J  <^    ^^^     3» 

Which  being  added  to  its  own  Time,  gives  the  fame  with  ?      «      ^ 

that  of  the  ^^/^A  A,  viz.    J  ^^    ^^    ^ 

You  find  alfo  the  fTatcb  C  to  point  at     '  —  02     20    48 

Going  12''  too  fafl:  every  Day,  which  makes  in  74  Days  00  14  4S 
Which  being  SubduAedfrpm  its  own  Time,  gives  again  -—  02  00  oo 
The  Time  of  the  Day  therefore  by  tiit  fFatcbes  being  ——  02  06  00 
Add  thereunto  the  ^Equation  of  the  5/^  of  May  — -—  •— —  00  19  29 
And  fo  you  have  for  the  Time  of  Day  at  the  Place  where  the  7     ^ 

Watches  yitttfct S  ^^    ^ 

But  the  Time  obfervcd  being     ^  — —  ■  ■  05     i8     10 

Exceeds  this  by    ■  ■  >    —  02     52    41 

Wherefore  the  Meridian  of  the  Place,  where  you  are  May  5.  is  7 
more  Eafterly,  than  the  place  where  the  ^tf/^i&^j  were  fet  by  3   ^^     ^^     40 
Which  being  reduced  to  Degrees,  reckoning  i5Dqgrees7       o     ^       ^^ 

for  an  Hour,  comes  to         '  ■  — — — 3   ^^    ^^     15 

'Tis  true,  that  from  the  fame  Reckoning  it  may  be  concluded,  that  you 
are  1 80  Degrees  more  Eafterly ;  which  happens,  becaufe  the  Hour  Index  goes 
round  in  the  fpace  of  12  Hours  in  the  Watches ;  but  the  Difiercnce  is  fo 
great,  that  one  cannot  be  deceived  in  it ;  elfe  the  Watch  might  be  fo  made^ 
that  the  Index  (hall  go  round  about  once  in  24  Hours. 
7iJ!v2l  D  ^'  ^"^^  ^^  for  finding  the  Lmgitude,  the  Time  of  the  Day,  at  the  Place 
Js^.      ^  where  you  are,  muft  be  known,  (as  hath  been  faid  above  you  muft  have  a 
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Mreto  ooferve  that  Time  as  pr^Uely  as  pofliblc.  For  every  Minute  of 
Time^  that  you  mifreckon,  makes  i  Degree  in  Longitude^  which  amounts, 
ocar  the  JSquafoTj  to  above.15  Englijb  Mjesj  but.lefs  elfewhere.  .  Where* 
fore  to  find  the  Tiine  of  ^hp  D^y  witjj  Certainty,  the  bcft  way  ia  to  dbferrc 
tlie  Sun*s  Altitude  when  it  is  in  tixe  Eaft  or  Weft,  (the  nearer  the  better  :) 
for,  bcin^ there,  it3  ^titude  changes  in  a  iKort  time  more  fenfibly  than  be- 
fore or  atttr ;  and  thus  from  the  Height  of  the  Pole  and  the  Declination  of 
the  Sqn,  the  Hour,  may,  be  calculated.    " 

y*  At  the  Rifivgjaix^^  Setting  of  the  SUn^  when  it  is  half  above  the  tlorizon^  ju  EafierfTof. 
ipark'  the  time  of  the  pay,  which  the  ff^aiches  then  fliew^  and  tho*  ye 
haye  in  the  mean  time  failed  on,  it  is  not  condderable.  Ilien  reckon  by 
iiht  Watches  what  Time  is  elapfed  between  them,  and  add  the  half  thereof  tq 
the  Time  of  the  Rifi^,  and  you  fhall  have  the  Time  by  the  Watches^  when 
the  Sunvr^  atSouili  to  which  is  to  be  added  the  ^uaiion  of  the,t>refcnt 
P^y.by  the  Table. ,  And,  if  this  together  makes  12  Hours,  then  was  the  Shi{) 
a|t  Noon  under  the  iame  Meridian  where  the  Watches  were  fet  with  thi^^Sun^ 
But,  if  the  Sum  be  more  than  12,  then  was  fhe  at  Noon  under  a.  more 
Wefierhf  Meridian  \  and,  if  lefs,.then  under  a  more  Eajierfy  5  and  that  Jby-^ai 
many  Times  15 1)^f.  as  that  Sum  exceeds  or  comes  jQiort  H!our$  pf  12  5 
as  the  Calculation  -thereof  hath  been  already  delivered* 

Suppofc,  e.g*  tliat  the  JVatcbes  A  and  B,  as  before,  were  fet  with  the  Sun 
at  xht  rlace  whence  you  parted,  the  20  of  February  j  and  the  Indexes  fet  to 
the  Hour,  Min.  and  Sec  fhewed  by  the  Sun^  abating  the  j^auation  of  tha; 
Day,  viz.  1!  20'' \  the  ff^atch  A  being  reduced. to  the  right  Meafure,  and 
B  going  too  flow  by  7''  a  day.  Afterwards  on  the  22 J  oi  May  defiring  to 
know  the  Longitude  or  the  Place  to  which  you  are  come,  you  obferve  in  tbp 
ildBrJirfJBrf  thc5a»  half  above  the  Horizon,whcn  the^tf/r^TO 
And  in  the  Evenings  the  Sun  being  half  under  the  Horizon^ 

w;hen  the  fame  tVatcb  points  ^    — —    

To  find  the  Time  elapfed  oetween  them,  fubdudingthc  Time 

of  the  Rifing     ■  ■  ■  ■  '■■     '■      '"  

There  Remains  ■ 

Adding  thereunto  the  Time  of  the  Setting 


You  have  for  the  Time  elapfai  between  the  Obfervaticms    — 

Whereof  the  Half 

Being  added  to  the  Time  of  Rifing     —— — — 

You  have  the  Time  by  the  fVatcb  A,  when  e  was  in  the  South 
And  after  the  fanae  manner  you  are  to  feek  the  Time  by  the 

IFatcb  B,  when  the  Sun  was  in  the  South ;  which  let  be   — 
But  thi&WaSch  going  /'  a  day  too  flow,  it  is  retarded  in  1 9  days 

(from  the  20tb  of  Fekr.  to  the  22^  of  Mrj^)     

Which  therefore  added  to  the  faid  Time  gives    — 

That  is  the  fame  Time  given  by  the  IVateb  A.  Now  adding  to  ,       , 

this  Time  of  the  Watches  9  the  /Equation  of  the  iid  of  Maj^      o     1 8  '  ro 
You  have    ■■     ■     >      ■  —    —    _—    — .    —    g      7     35 
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Which  is  the  fame,  lime .  of  the  Day  with  that  of  the.  Place»  where  the 
ff^atches  were  fet  when  the  Sun  was  in  die  fame  Meridian  widi  the  Shift 
or  where  the  Ship  was  at  .Noon.  h      ' 

The  Difference  is        —        -rr        ~"^        "^     '   —    2    52     25 
Wherefore  this  h&  Mmdian  is  by%  much  more  Eqfterfy  than 
the  firil,  which  being  reduced^  Degrees,  as  (as  hath  been    •      '       ^ 
formerly  direded)  make        —        —        —       —     —  43      ^    ^5 
'Tis  manifeft,  that  by  this  way  you  find  predfcly  enough 
the  Dmgitude  of  the  Place,  where  you  were  at  Noon,  or  the  Time  of  the 
Sun*s  t)eing  in  the  South :  Which  altho*  it  diflFers  from  the  Longitudif^^ 
Place,  where  you  arc  when  you  obferve  the  Setting  of  the  Sun  -,  yet  you  may 
cftimate  near  enough,  hqw  much  you  have  advanced  or  changM  the  Dm- 
gitude  in  thefe  tew  Hours,  by  the  Log-Line^  or  other  ordinary  Pra6tices  of 
Reckoning  the  Ship's  Way  -,  or  (which  is  the  furer  Way)  by  the  D^ees 
pafled  in  24  Hours  by  a  former  day^s  Obfervation. 

•  You  may  alfo,  inftead  of  obferving  the  Smfs  Rifing  and  Settings  obferve 
the  Setting  firft,  and  then  the  next  Morning  the  Riftng  •,  marking  at  both 
Times  the  Time  Ihew'd  by  the  Watches ;  and  find  thence,  after  the  feme  man- 
ner as  before,  the  Longitude  of  the  Place  where  the  Ship  was  at  Midnight 

•  Finally,  You  may  alfo,  inftead  of  the  Rifing  and  Setting  of  the  Sun^  ob- 
ferve before  and  after  Noon  two  Equal  Attitudes  of  the  Suny  noting  the  Time 
fhown  hjxht  Wat chesy  and  reckoning  in  the  fame  manner,  as  hath  been  faid 
of  the  Rifing  and  Setting :  Yet  it  is  to  be  confiderM,  that  the  Altitudes  of 
Che  Sun  are  oeft  taken,  when  it  is  about  Eaft  and  Weft,  as  hath  been  alrea- 
dv  intimated.  But  note,  that  in  Sailing  North  and  South  you  make  not  the 
Obfervations  at  the  Sun's  Rifing  and  Settings  but  at  its  bemg  due  Eafi  and 
Weji.^ 

8.  But  you  may  put  the  Rule  here  prcfcribed  in  Praftice,  by  taking  two 
Equal  Altitudes  of  fome  known  5/tfr,  that  rifeth  high  above  the  Horizon. 
For  you  (hall  thence,  according  to  the  mentioned  Rule,  know  at  what  time 
4)y  the  Watches  the  Star  hath  been  in  the  South ;  and  fo  the  Right  Afcenfion  of 
that  Star  being  known,  as  alfo  the  Right  Afcenfion  of  the  Sun^  you  may  thence 
cafily  calculate,  what  Time  it  then  was  :  Which,  being  compared  with  the 
Time  of  the  Watches^  as  before,  Ihall  give  the  Longitude  of  the  Place  where 
you  were,  when  you  had  the  Star  in  the  Meridian. 

^.  If  the  Watctes  that  have  gone  exa&ly  for  a  while,  fliouldcome  to  differ 
from  one  another  (as  in  length  of  time  it  may  well  happen,  that  the  one  or 
•  other  fail  a  Minute*  more  or  lefs  -y)  in  that  cafe  it  will  be  beft  to  redcon  by 
that  which  goes  fafteft ;  unlefs  you  perceive  an  apparent  Caufe,  why  it  goes 
too  taft  (as  it  may  happen  when  the  Cheeks  retain  not  their  proper  Figures) 
ieeing  it  is  not  fo  eafy  for  thefe  Pendulum-Watches  to  move  fafter  than  at  firft^ 
as  it  is  to  go  flower.  For  the  Wire^  on  which  the  Pendulum  hangs,  may 
perhaps  by  the  violent  Agitation  of^  the  Ship,  come  to  ftretch  a  little,  but 
it  cannot  grow  fliorter ;  and  the  little  weight  of  the  Pendulum  may  perhaps 
Qip  downwards^  but  cannot  get  up  higher. 


-  H  it  Ihould  be  fald,  that  upon  any  Foulnefs  tRe  ff^atch  will  go  feftcr  by  «•  4l.  ^  9T^ 
realbn  of  the  fliortcr  Vibrations  of  the  Pendulum^  it  is  to  be  confidered, 

that  this  IS  only  True  when  the  Watches  have  no  Cheeks^  but  when  thcjt 
iiave  them  'tis  not  fo. 

-  lo.  When  you  get  Sight  of  any  known  Country,  Ifland  or  Coaft,  be  fure^'47- tts«# 
to  note  the  Longitude  thereof  as  exadlly  as  you  can  by  the  help  of  the  Rules 

httt  prcfcribed.  Firft,  thereby  to  correft  the  Sea-Maps^  after  the  D^itud^ 
cf  a  Place  Ihall  have  been  found  at  divers  times  to  be  the  fame,  fo  that  you 
doubt  no  more  of  it.  For  all  Maps  are  very  defeftive  as  to  the  Situation 
of  Places  in  refpeft  of  Eaft  and  Weft,  chiefly  where  Seas  are  intcrpofcd. 
Secondly^  to  be  able  always  to  know  in  the  Profecution  of  your  Tourney, 
how  for  you  have  failed  from  any  Place  to  the  Eaft  or  Weft.  And,  if  by 
any  notable  Mifchance  or  Careleflhefs  all  the  Watches  Ihould  come  to  ftand 
jftiir,  yet  you  may  at  any  Place,  whereof  the  Longitude  is  certainly  known* 
fet  them  a  going  again,  and  adjuft  them  there  by  the  Sun^  and  jo  reckon 
the  Longitudes  from  that  fame  Meridian.  For  you  are  to  know,  that  you 
are  not  at  all  obliged  to  put  one  certain  Meridian  of  any  known  Place  as  a 
Beginning  of  the  Longitude  Reckoning  \  this  happening  only  in  Maps^  or  Ta^ 
bles of  Longitude:  As  when  you  take  for  that  purpofe  the  Meridian  of  the 
Pico  in  Teneriffe^  or  that  of  tne  Mands  of  Corvo  and  Flores  (the  moft  Wefter- 
\y  of  the  jizores)  or  any  others.  Yet  it  were  very  fit,  that  all  Geographers 
ag^d  and  pitched  upon  one  and  the  fame  Firft  Meridian^  that  fo  all  Places 
might  be  known  by  the  fame  Degrees  as  well  of  longitude  as  Latitude  ^ 
tho*  in  Voyaging,  it  is  fufficient  to  obferve  only  the  Difference  of  Lon^ 
gitudesy  b^inning  to  reckon  from  the  Meridian  of  any  Place,  you  pleafe^ 
^  if  it  were  the  Firft. 

.  1 1.  If  it  happen  that  being  at  Sea  all  the  Watches  ftop,  you  muft  as  fpee- 
dily  as  is  poffiDie,  fet  them  a  moving  again,  that  you  mav  know  how  much 
you  advance  from  that  Place  towards  the  Eaft  or  Weft.     ^ 

1 2.  The  Watches  being  diftinguiflied  by  Marks,  as  A,  B,  or  the  like,  every  ^m^.^. 
Day  about  Noon,  or  when  moft  conveniently  you  can,  obferve  the  Time  of  ^  **•  \ 
the  Day  by  the  Sun^  or  by  the  Stars  at  Night,  and  fubduft  thence  the  Mi- 
nutes and  Seconds,  that  are  adjoined  to  that  Day  in  the  Table,  and  write 
the  Remainder  down  in  the  Paper,  wherein  9  Columns  or  more  are  marked, 
placing  them  in  the  lecond  Column,  having  placed  the  Day  of  the  Month  ii^ 
the  Firft ;  and  at  the  fame  time  write  down  the  Hours,  Mmutes,  and  Seconds,' 
of  each  Watch  in  a  diftinA  Column,  all  oppofite  one  to  another.  Then  in 
another  Column  write  down  the  Difference  between  the  Time  taken  by  Ob-  ] 

fervation,  and  that  given  by  the  Watches^  or  one  of  them.  Then  one  Co-, 
lumn  for  the  Latitude:  One  for  the  Longitude  by  the  Ordinary  Way  of 
Reckoning :  Another  for  the  Longitude  taken  from  tne  DiflTerence  between  the 
Time  found  by  Obfervation,  and  that  given  by  the  Watches :  And  at  laft 
a  large  Column  to  note  the  Accidents,  that  befal  the  Watches^  Sec. 

2.  Major  Holmes  having  left  the  Coaft  of  Guinea ^  and  being  come  to  the  ^J^fjl^'  *' 
Ifle  of  St.  fbomas  under  the  Line^  he  adjufted  his  Watches  there,  and  put  to  wM^nh 
Sea,  and  Sailed  Weftward,  7  or  800  Leagues,  without  Changing  his  Courfe  -,  **»)•  ^^^*' 

Bbbb2  aftqr-'^**-'''^- 
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after  whic^  finding  the  Wind  favourable,  he  fteered  towards  Ac  Goaft  of 
Jfrick  N-  N*  E.  But,  having  failed  upon  that  Line,  a  matter  of  two  or 
three  hundred  Leagues,  the  Mafters  of  the  other  Ships  under  his  ConduA* 
apprehending  that  they  fhould  want  Water,  before  they  could  reach  that 
Coaft,  did  propofe  to  hiai  to  fleer  their  Courfe  to  Barbadoej^  to  fupfdy  them- 
felves  with  Water  there.  Whereupon  the  faid  Major ^  having  called  the  Ma- 
tters and  Pilots  together,  and  caused  them  to  produce  their  Journals  and  Cal- 
culations, it  was  found  that  thofe  Pilots  did  diff!^r  in  their  Reckoning  from 
that  pf  the  Major^  one  of  them  about  80  Leagues,  another  about  a  bundredt 
and  the  third  more ;  but  the  Major ^  judging  by  his  Pendulum  f^aicbes  that 
they  were  only  fome  thirty  Leagues  diftant  from  the  Iflc  of  PiUgo^  which  is 
one  of  the  Ides  of  CapeVerde^  and  that  they  might  reach  it  next  day,  and 
having  a  great  Confidence  in  the  faid  PFatcbes^  refolved  to  fteer  their  Courfe 
thither ;  and  having  given  Order  fo  to  do,  they  got  the  very  next  Day  about 
Noon  a  Sight  of  the  laid  Ifle  of  Fuego^  finding  themfelves  to  fail  dire&ly  up- 
on it,  and  fo  arrived  that  Afternoon  as  he  had  faid. 

M.  Hu)gens  being  informed  of  this  Succefs,  wrote  to  Paris  to  this  cScEt ; 
ib.f.  14,  I  did  not  magine  that  the  Watches  of  this  Firft  Strufture  would  fucceed  U> 
well,  and  I  had  referved  my  main  Hopes  for  the  New  ones.  But,  feieiag  that 
thofe  have  already  fervcd  fo  fuccefsfuUy,  and  that  the  other  are  yet  more  juft 
and  exa£t,  I  have  the  more  Reafon  to  believe,  that  the  Invention  of  Lwff* 
tudes  wiJl  come  to  its  Perfedion.  In  the  mean  time  I  fhall  tell  you,  that  die 
States  did  receive  my  Propofition,  when. I  defircd  of  them  a  Patent  for  theie 
New  Watches^  and  the  Recompence.  fet  apart  for  the  Invention,  in  Cafe  of 
Succefs  J  and  that  without  any  difficulty,  they  have  granted  my  Requd^ 
commanding  me  to  bring  one  of  thefe  Watches  into  their  Afiemblv^  to  cx» 
plicate  unto  them  the  Invention,  and  the  Application  theceof  to  tne  Ijmp^ 
(udes ;  which  I  have  done  to  their  Contentment. 

z^m44tfrm      in.  I.  I  have  at  laft  found  a  Method  of  knowing  the  MootCs  Place^  by 

pLisTiy       ^c  Afliftance  only  of  a  fmall  Inllrument,  wiihin  a  Scruple  or  two ;  and 

"«*•  Jj«>feffir  which  is  wonderful,  neither  the  RefraSiions  nor  xhi^  Paraikxes  arc  any  hin* 

*  iit./.4a7.   drance  to  my  Obfervations,  becaufe  the  Contrivance  of  the  Method  delivers 

me  from  thefe  Niceties.      I  can  ufe  this  Method  cither  at  Sea  or  Land  ; 

therefore  the  tables  of  the  Moon  being  corrected,,  a /Method  will  no  longer 

be  wanting  of  takii^  the  fo  much  defired  Z^//ivAi  of  i^kcea,  wherevcf 

they  arc,  either  at  Sea  or  Land,  ;  • 

tmfiitfUh         2.  What  the  ProfefTor  o{ Seville  writes  about  his  little  Inftrumcnt,  with  his 

^%^^^^^'  leave  1  muft  own  exceeds  my  belief.    In  our  Hi^mzm  the  Aftw  cannot  be 

clearM  either  of  Refrailion  or  Parallax^  unlefs  fbe  could  afcend^as  hi^  as 

the  Zenith.    For  the  Refr anions  are  e3ctended  fo  faff,  and  make  her  Place 

troublefome  to  find.     Once  only  in  a  Day  the  Paralkx  of  iMgkude  ceaies 

in  the  Nonagefim  Degree  of  the  Ecliptic^  but  not  fo*  that  of  L^tud^.    Nor 

can  I  comprehend  how  an  Inftrument  (hall  be  conflru&ed,  which  tc^ther 

with  the  parallax  takes  notice  of  the  Refra^i<my  the  lacreafe  of  which  is 

owing  to  very  different  Principles. 

IV.  The 
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JV,  The  ph&rvation  of  Lanar  Occullatms  is  of  Singular  Uie  to  deter*  ^s<t»i«« 
mine  tbq  Longitudi  of  Plaices,  efpcdally  thofe  that  are  far  remote.  c^^n^tT 

V.  The  Rivobaicnpi  Jupiter  upon  his  Axis  being  the  fwifteft,  and  theLoifuidei*^' 
mod  Regular  Motion  that  is  hitherto  known  in  the  Heavens,  a  TraveUer*^^*yjj^f|*- 
alone,  even  without  having  any  Coirelpondence with  other Obfervers,  mvf'^hh^'^,; 
make-  ufe  of  tt  to  find  tht  Loftgiiuda  of  the  rooft  remote  Places  of  the^^  ^'^^^ 
Earth.  ".B-.-io*.. 

VI.  I.  I  am  fomething  in  doubt  whether  the  £Ji^y2j  of  }W^V^*$  Satellites  Loogimdet 
are  caually  convenient  for  inveftjgating  the  Difference  of  Meridians^  as  the  ^J^*J.^''J^'^ 
Occultations  of  the  fixt  Stars  by  the  Moon.    Particularly  becaufe  of  the  tooHeidl^L 
flow  Motion  of  the  Joviais^  tho*  tha  Obfervations  were  performed  with  a°-  7^^  s^io* 
more  accurate  Tube. 

2.  The  Eclipfes  of  the  Satellites  of  Jupiter^  which  happen  almoft  every  3^  m,  SoreiiL 
Day>  afford  a  fair  Way  for  eftablifliing  the  Longitudes  over  all  the  Earth. '^•"8  f.^^w 
For,  befides  that  thcfe  Eclipfes  are  very  frequent,  the  Emerjion  and  Immerfion 

of  thefe  Satellites^  efpecjally  in  the  Shadow  oi  Jupiter^  is  fo  Momentary  and 
{q  Senfible,  that  they  may  be  obferved  with  the  greateft  Exaftnefs,  being 
altogether  exempt  from  thofe  Eflential  Inconveniences  that  accompany  the 
EcHpfes  of  the  iSimrand  Moon^  which  alfo  are  rare,.  ai>4  whofe  Beginning  and 
End  are  always  doul^tf ul  by  reafon  of  a  certain  A^guous  Ugbt. 

The  Longitude  of  Places  at  Sea^  Capes^  Promontories^  and  divers  Ifiands^ 
being  once  exa&ly  known  by  this  Means^.  would  doubtlefs  be  of  Great 
Help,  and  confideraWe  Ufe  to  Navigation.  * 

3.  The  Eclipfes  of  Jupiter"^  Satellit£sjutyc  been.e§:eemed,  and  certainly  are  'SyAfr.  fisrh 
a  much  better  Expfdjent  for  the^JWfcovery;  of  tha  Longitude  than  any  yetft«<«i  •-hu 
kaowH)  by  reafon  that  they  happen  frequently,  *nd  are  eafily  obfervable'' ^"' 
with  a  Telefcope  of  J2  Foots  or  tor  need  with  oi>e  of  eight. 

The  Longitude^  might.be  alfo  Wtained  by  Obferyatiops  of  the  Moon^  if  wen.  1^4.^404. 
had  Tables  that  would  anfwer  her  Motions  exactly  -,  but  after  2000  Years '^^^s-?- 76^- 
Experience  (for  we  :have  fome  Qbfprvatioqs  ot  EHipfes  much  Ancienter) 
we£n4  ?he  be^XaJbl^ extant  erring. ibmetimes  i a  Minutes  or  more  in  her 
apparent  Place,  which  would  caufe  a  Fault  of  hdf  an  Hour,  or  7^  deg.  in 
^k^  Longitude  ded\»^^4»  by  comparing 'her:  P/^^^  in  the  Heavens  with  that 
^ven  by  the  Tahlss,.  I  undervalue  not  this  Methadjr  for  I  have  made  it  my 
BufipefSi  and  have  fuco^eded  in  it,  to  g^t  a  large  Stock  of  good  Lunar  Ob- 
Jirva/lons  in  order  to  the  Correftion  of  Her  Theory ^  and  as  a  Ground- Work 
.fer  better*  3*^*&ir  but,  if  we  (hould  liappily*  atuin  what  we  feck,  yet  the 
Circulation  will  be  fo  perplexed  :and-  tedl^wflb  that  it  will  be  fouijd  much 
more  inconvenient  and  difficult  than  that  I  propqfe  bv  obferving  the  Eclipfes 
i>^'jHpiter*%  S^filites^  which  however  at  prefent  I  muit  prefen.  For  I  am  per* 
fuaded,  that  the  Eclipfes  of  the  Firjt  will  fcarcely  be  found  above  4  Minutes 
^f  Time  different  from  my  Calculations,  and  I  hope  it  will  fcarce  ever  be 
.found  t»  err  fo  much*  Rut,  if  tii^  fymn  Eclipfe  may  be  pbferved  in  two 
• .     /  diftant 
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diftant  Places  at  the  fame  time,  or  compared  with  an  Obfervation.  of  the 
fame  Satellite^  made  within  a  Week  elfcwhere,  the  Dtfffrence  of  Meridians  imll 
be  had  fomcthing  better,  than  by  comparing  two  Obfenrations  of  the  Ikni^ 
Pba/is  of  a  Lunar  Eclipfi^  made  in  diftant  Places,  por,  whereas  it  is  fomc- 
what  difficult  by  reafon  of  the  Penumbra  to  determine  the  True  Time  of 
the  Applicariqn  of  either  of  the  Mootfs  Limbs  to  the  Shadow,  the  SatelSAe 
Edipfes^  efpecially  thbfe  of  the  Ftrji^  are  almoft  Momentary. 

And,  whereas  there  can  rarely  happen  4  Eclipfes  of  the  Moon  Vifible,  the 
fame  Year,  thofe  of  the  Satellites  happen  fo  frequently  that  there  are  more 
of  them  Vifible  in  one  Year  than  we  count  Days  in  it,  tho'.  the  Hanet  Jtf- 
fiter  lie  hid  under  the  5/m's  Rays  every  Year  a  whole  Month  together. 

I  know  our  Navigators  will  objeft  againft  this  Method,  that  it  is  difficulr 
to  praftife  at  Sea^  becaufe  long  Telefcopes  are  required,  which  the  Modon 
of  the  Ship  will  not  permit  them  to  manage  aboard.  But,  if  it  be  not  prac- 
ticable at  1^^^,  they  cannot  deny  but  that  it  is  at  Land-^  and  that  the  Trwe 
Longitude  of  remote  Coafts  from  us  is  the  firft  thing  defired  for  the  Cor^ 
reftion  of  their  Charts  ;  (Let  them  attempt  thefe  firft,  and  I  doubt  not  but 
the  Succefs  will  encourage  them  fo  much,  that  they  will  readily  find  means 
to  put  it  in  Praftice  at  Sea  •,)  That  the  French  have  ufed  this  Method  luc- 
cefsfully  both  in  Denmark  and  in  their  Own  Country ;  That  a  Telefcope  of 
14  Foot  Long  at  moft,  or  for  need  one  of  8  Foot,  with  broad  Eye  Glajfes^  wiH 
be  fufficient  tor  this  purpofe ;  That  the  Difficulty  cannot  be  known  till  k 
be  tried,  and  that  Ufe  renders  may  things  eafy,  which  our  firft  Thou^ts 
conceived  imprafticable. 

If  it  be  required  to  know  whether  any  of  thole  Ecltpfis  which  are  in* 
vifible  with  us,  be  vifible  in  any  other  given  Place,  convert  the  Differnect 
of  Meridians  betwixt  it  aild  London  into  Time;  and,  if  the  Place  lie  to'die 
Eaft  of  London  J  add  it  to,  if  to  the  Weft^  fubtraft  it  from,  the  Time  of 
the  Appearance  at  London ;  the  Sum  or  Difference  accordingly  fhall  be  th6  * 
true  Time  of  the  Eelipfe  under  that  Meridiany  at  which,  if  Jitter  be  above 
the  Horizon,  and  the  Sun  beneath  it,  the  Eelipfe  is  there  vifible,  otherwila 
not. 

Or,  By  the  help  of  the  Epbemerides  of  the  Phnet^s  Places,  and  a  Terr^rid 
Globe^  the  fpace  on  it,  in  which  any  of  thefe  Eclipfes  will  be  vifible,  may  be 
found  thus :  * 

Firft  feek  the  true  Places  of  the  Sun  and  Ju^ter  with  his  Latitude  in  tii|| 
Epbemerides^  whereby  you  mav  find  their  Declinations  and  Right  Aicenfi**' 
ons,  either  by  the  Vulgar  Tables,  or  the  Globe  itfelf,  exaftly  enough  fcMr  this 
Method.  *         . 

Bring  London  on  the  GMe  to  the  Meridian^  and,  detaining  it  there,  note 
what  Beg.  of  the  Equator  is  oifby  it.    From  this  fubtraft  die  Time  of  the    Sj 
Eelipfe  sSicr  Noon  converted  into  deg.  and  min.  the  Remainder  (hews  voti 
the  Longitude  of  that  Meridian  on  the  Earth,  where  it  is  then  Noon  wmh 
the  Satellite  is  Eelipfed^  which  I  therefore  call  the  Meridionat  Longitude  df  || 
the  Eelipfe.    Bring  this  Meridional  Longitude  under  the  Meridian^  and  eks   \ 
vate  the  nearer  Pole  to  the  Sim  as  muck  as  is  hb  Declination :   keep  dfc 
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GMe  in  ^  Pofition*  and^  if  yupiter  be  in  Qmfequenceoi  the  Suh^  draw  a 
line  of  the  Gbhe  along  the  £^<r«  Horizon^  it  pafles  over  all  thofe  Places 
where  the  Sun  is  Setting  at  that  Time  5  but,  ilf  Jupiter  be  in  Aniecedence  of  the 
5'i«,  draw  the  faid  Line  on  the  Globe  by  the  Weftem  Edge  of  the  Harizony 
it  pafles  over  all  thofe  Places  where  the  Sun  is  then  Rifing.  Jupiter  being 
in  Canjequence  of  the  Sun^  add  the  Difference  of  His  and  the  ^«»'s  Right 
Aicenfionstotheili^/^/^tf/X>0»f//i^  afore- mentioned,  bring  the  I>^.  of  the 
jEquaior  anfwerii^  their  Sum  imder  the  Meridian,  raife  the  Pole  next  Ju- 
\fiter  equal  to  his  Declination,  and,  detsdning  the  Globe  in  this  Pofition,  draw 
a  Line  ^g^  to  the  Eaftern  Horizon  \  the  Space  intercepted  betwixt  thi& 
and  the  Line  of  the  Smfs  Setting,  before  defcribed  on  the  Globe^  compre- 
hends all'  thofe  Places  on  the  Earth  where  this  Eclipfe  is  feen  from  Sun  Setting 
till  Jupiter  is  Set.  But,  if  Jupiter  were  in  AnteceMnce  of  the  5«»,  Subtract 
the  difference  of  his  and  the  Swf^  Right  Afcenfions  from  the  Meridional 
Jjmgitude^.  let  the  Degret  of  the  Equator  anfwering  the  Remainder  under 
the  Meridian^  and  elevate  the  Folt  next  jMiter  equal  to  his  Declination  : 
Keeping  the  Globe  in  this  Pofition,  draw  a  Line  by  the  Wefiern  Edge  of  the 
Horizon^  the  Space  included  betwixt  this  and  the  Line  of  the  Sun*%  Rifing 
contains  all  thofe  places  on  the  Earth,  where  this  Eclipfe  is  vifible  ■  betwixt  .    . 

Jupiter^ %  Rifing  and  Sun-rife. 

When  anv  Ecliffe  of  thefe  is  obferved,  the  Difference  betwixt  the  noted 
Time  and  that  given  by  the  Tables  fliall  be  the  Difference  of  Meridians  be- 
twixt the  Place  of  the  Obfervation  and  London.  . 

As  the  Sun  removes  from  the  Conjundion  of  Jupiter ^  the  Ingreffes  of  the 
Satellites  into  his  Shadow  become  obfervable.  When  he  is  about  30*  from 
It,  the  Emerfions  of  the  Fourth^  and  at  6o%  of  the  Thirdy  began  to  be  feen 
betwixt  the  Shadow  and  Body,  continuing  fo  till  the  Sun  be  arrived  within  60"^ 
of  the  Oppofition  of  Jupiter ^  when  the  Emerfions  of  the  Third  fall  behind  his 
Body,  but  the  Emerfions  of  the  Fourth  continue  vifible  till  he  be  lefs  than  Jo'' 
difbint  from  8  '  ^^  which  Time  they  aUb  are  hid  behind  him,  all  the  Ap- 
pearances being  made  really  to  the  Right  Hand,  or  in  Antecedence  ol  Jupiter ^ 
tho*  with  inverting  Telefcopes,  they  appear  on  the  contrary,  to  the  Left. 

After  the  Oppofition  of  the  Sun  and  jupiter  we  begin  to  fee  the  Immerfions 
of  the  Satellites  from  the  Shadow  now  on  the  Left  Hand,  or  in  Confequence 
of  Jupiter^  but  thfo*  inverting  GlaflTes  on  the  Right  j  when  the  Sun  is  near 
^o  deg.  from  the  Oppofition,  the  Ingreffes  of  the  Fourth^  when  60  deg.  from 
It,  of  the  Thirdy  begi|i  to  be  obfervable  betwixt  the  Body  and  Shadow,  con* 
dnuing  fi>  till  the  Sun  arrive  at  the  fame  or  rather  within  ibmething  a  wider 
Diltance  for  the  Conjunction  of  Jupiter. 

4.  By  this  very  eafy  Method,  to  be  performed  with  a  very  little  Appa-^J'^^p  ^^'^^- 
ratus  of  Inftruments,  the  Foundations  for  reflioring  Geography  may  be  laid."*'**''^"*^^' 
» The  Precepts  leading  to  this  cannot  be  unknown  to  Aftronomers.  It  may  be 
proper  to  take  notice  of  one  thing,  that  with  a  Tube  of  7  or  8  feet,  which 
IS  eafily  portable,  the  Moments  of  thefe  Eclipfes  may  be  obferved  diftindt- 
ly  enough,  particularly  in  the  exterior  Satellites ;  efpecially  if  the  Aperture 
of  the  Ot>jea-glafs  be  2t  or  3  Inches    For  thus  the  greateft  Quantity  of 
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the  refrafted  Rays  will  come  to  the  Eye,  whence  theife  very  Kttle  Stafs  neat 
Jupiter  may  be  feen,  which  otherwife  \^ouId  be  cxtinguifh'i  by  his  greater; 
Light.  And  the*  they  may  be  tinged  with  Colours,  and  the  Limb  6f  Jum 
piter  may  feem  not  very  bright,  yet  fince  we  are  only  coocern'd  about  the 
Moment  of  lofing  or  of  recovering  the  Light,  itis Tufiicientthat  tKey  ftrScc 
our  Eyes  fureiy,  increafed  in  their  Light  as  much  as  may  be. 

The  EcUpfes  of  the  Firjt  Satellite  01  Jupiter  are  found  by  the  Rer/alAcadt- 
mf  at  Taris^  in  Afcertaining  the  Geographical  Site  of  the  Principal  Ports  of 
France^  almoft  Injidntaneous^  and  with  good  Telefcopes  difcernible  alfribftta 
the  very  Oppofition  of  Jupiter  to  the  Sun.  So  that,  c6uid  the  SatelHtes  be 
obferved  with  Telefcopes  manageable  on  Shipboard^  a  Ship  at  Sea  might  be 
enabled  to  find  the  Meridian  fhe  was  in  to  a  very  great  exadfaiefs,  beyqhci  what 
we  can  yet:  hope  to  do  by  the  Moon^  tho*  they  fecm  to  aflfotd  u$  the  only  Means 
praftic^ble  for  the  Seamen.  However,  before  Sailors  can  make.ufe  of  the 
Art  of  Tinding  the  Longitude y  it  will  be  requifite  that  the  Coafiofthe  ixthoU 
Ocean  be  firft  laid  down  truly  5  for  which  Work  this  Method  by  the  SauUitti 
is  moft  appoGte. 

c/D«by1^^'    -  Vn.  The  Longitude  of  Derby  from  Ltmdon  W.  is  5  or  6  min.  the  Latihiii 

^r.  Flimftcf d.    r|2«  C^  QX  M\ 
1106.  n.  lit. 

p.  237.  VIII.  The  Latitude  of  Effon  in  the  County  of  Ncrthamptm  is  52*  i^. 

n.  76.  f .  2271. 

Long,  and  Lst.       xhe  obfervcd  Latitude  df  Townley  in  the  County  of  Lancajler^  (as  Mr. 
n.^x7^.f.%^.  Townley  writes,)  is  53**  44 .'  and  its  Longitude  from  the  Meridian  of  Londm^  is 
about  9  Minutes  to  the  Weft. 

Lat.  if  Trc-        X.  The  Latitude  of  Tredagb  in  Ireland  is  53*  40'. 

dagh.  n.  164. 

iwi.ofox'  XL  Having  carefully  confidercd  the  Parallaxes  of  the  MooH  in  the  Obfer- 
*ZkTh^^'  vations  of  the  Occultations  of  Mars  y  Aug.  21. 1676  at  Dantzick  and  Greenmcby 
Ha  ley.  n.  119*  I  find  from  the  Immerfion  the  difference  of  Meridians  between  Greenvncb  and 
vid%  Cap.  Oxford  j^'  sfy  between  Greenwich  and  Dantzick  1^  14'  50":  By  the  Emer* 
IV.  s  LXii*  ^(7»  tht  firft  of  thefe  Differences  is  found  4'  59",  the  latter  i*  I4'  41"  j  which 
near  Agreement  fhews  the  exaftnefs  of  the  Obfervations. 

i««.»/Ptriii  XII.  I.  I  took  much  Pleafure  in  comparing  the  Obfervations  of  Mr. 
t%^ff^.  Kwwtf^^i,  about  the  Eclipfe  of  the  A&^»,  7«/y  7.  NewStyk  i675.witlioun 
nid.j4,  c^. '  made  in  the  Royal  Obfervatory.  For  from  them  I  f^  confirmM  within  a  few 
v.  XLv,  Seconds,  by  ten  new  Comparifons,  the  Difference  of  Meridians  which  former- 
ly I  had  defined  to  be  1 1  Minutes,  by  a  Comparifon  of  our  Obfervations. 
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PintaJaSylus  Q0Ytt*6.  i   55  15 

Porphyrites  covered  2  02  20 

The  iirft  Limb  of  Sinai  2  05  30 

ThefirftLimbof  ^//ra  2  06  oc 


Mr.  Flamfteid*s  Obfervations. 


The  firft  Limb  oiBeJhieus  2  23 
Horminius  cover 'd  2  26 

It  toach'd  the  firft  Limb 

of  Corocondomet9it  2  39 

(t  toach'd  Palus  Maotit    2  45 

Maotis  wholly  coyer'd      2  50 
Imfiurfion  2  56 


30 


Oar  Obfervations. 


h. 

The  fame,  or  Seleucus  2 

The  fame,  or  Ariftarchus       2 
Of  the  fame,  or  of  Tycho       2 

or* 
Of  the  (ame,  or  ofCopermciu2 

or* 

Of  the  fame,  or  of  Mamiius  2 
To  the  fame,  or  Dionyfius     2 


Of  the  fame,  or  Paius  Somni  2 

00  The  fame,  or  Mare  Cafpium  2 

or  • 

The  fame  3 

Immerfion  -  3* 

.  or  *  3 


06  15 

12    40 

16  30 
16  25 
16  30 
16    40 

34  15 
36  15 

50  20 
55  2o| 
55  40 
01  ic 

07  45 
07  40 


DifF.  of  McridianB. 


II  oc 

10  20 
IX  00 
lo  55 
10  30 
10  40 
Lefs  than  11  05 
Greater  than  10  12 

10  50 
10  2C 
10  40 
10  30 
10  50 
'O  45 


This  Mark  *  denotes  the  particular  Determination  of  Mr.  Caffini ;  in  the 
reft  he  agreed  with  Mr.  Picbard  and  Mr.  Romer. 

2.  The  Middle  of  the  Lunar  £r//)>/?,  Jan.  i.  New  Style,  1.675.  h.    '    "  a.uM^.  56*. 
is  derived  from  a  Comparifon  of  the  Beginning  and  End  3  20  00 

Of  two  equal  Pi^^j    3  20  iS'oU.iuf.cs^.vf. 

From  the  Obfervations  of  Mr.  Flamfteedtht  Middle  of  the  Eclipfe  *•  *^^'* 

may  be  derived  in  a  like  manner.  For  he  at  2**  29'  30'',  obferved  the  Dif- 
tance  of  the  Culpids  to  be  17'  16".  and  at  3^  52'  45'',  the  Eclipfe  decreafing 
he  obferved  the  fame  Diftance  18'  57",  that  is,  i' 41".  greater.  Therefore 
the  Middle  of  the  Eclipfe  is  nearer  the  latter  Obfervation  than  the  former. 
The  middle  Time  between  both  the  Obfervations  was  3**  1 1"  f.  There- 
fore the  Middle  of  the  Eclipfe  is  derived  from  hence  fomething  later. 
Whence  the  Diflference  of  Meridians  would  come  out  lefs  than  9' ;  which 
but  little  agrees  with  more  certain  Obfervations  of  the  preceding  Summer 
Eclipfe^  from  whence  I  determined  it  to  be  10^  Minutes.  Our  firft  Obfervati- 
on compared  with  the  former  of  Mr.  Flamfieed^  which  was  a  little  later,  ex- 
hibits the  Difference  of  Meridians  greater  than  8'  35".  Our  latter,  being 
later  than  Mr.  Flamfteed^^  latter  Obfervation,  would  exhibit  the  Difference 
of  Meridians  lefs  than  g   40". 

The  End  as  eftimated  by  Mr.  Flamfleed 
And  by  us 


h. 
4 
4 


07  15 

08  10 
16  00 

24  35 
08  35 


Would  infer  the  Difference  of  Meridians  to  be     ——     — — 
The  Beginning  obferved  by  Dr.  Hdlky  at  London     — —     —     2 

With  that  obferved  by  us    — —    —     2 

Would  make  the  Difference  of  Meridians  to  be  —  — —  o 
'  Therefore  from  this  Eclipfe  the  Difference  of  Meridians  would 
come  out  lefs  by  about  two  Minutes  thaij  by  the  Eclipfe  of  the  foregoing 
Summer,  which  yet  I  prefer  far  before  this.  Not  only  in  refpeft  of  the 
greater  Facility  ot  determining  the  Times  of  the  Appulfes  and  JEmcrfions 

Cccc  ia 


(  562) 

in  that  total  Eclipfe  than  in  this  partial  one  5  but  alfo  becaufc  of  the  clcarncfi 
of  the  Air,  which  we  enjoy'd  alike  in  that  Eclipfe^  whereas  in  this  the  Air 
was  very  ferene  at  Paris^  but  at  London  it  was  cloudy.  Therefore  I  judge 
we  ought  to  ftand  by  the  former,  tjil  we  can  determine  the  Matter  with 
/i.  p.f«4-       greater  exa6lnefs,  by  Obfervations  of  the  Immerjions  and  Emerjions  of  the 

Satellites  oi  Jupiter^  which  I  think  better  fitted  for  this  purpofe. 
3;iifr.FUm.  3-  I  can  hardly  truft  to  the  Difference  of  Mcrdans,  derived  from  the 
*eed./^  ^f6/.  £clipfe  of  the  Moon  of  June  27.  1675.  obferved  at  London  and  at  Paris  \  for 
tho'  1  believe  the  Times  of  the  Phajes  obferved  by  you  to  be  very  accurately 
determined ;  yet  as  I  was  obliged  to  make  ufe  of  a  Quadrant  of  only  20 
Inches,  bccaufe  a  larger  was  not  at  hand,  which  had  only  plain  Sights,  in 
in  order  to  correct  my  Clock ;  therefore  I  can  hardly  be  lure  of  the  Mo- 
ment of  any  Phafis,  nearer  than  to  a  Minute.  I  was  better  fumifhed  when 
I  obferved  the  laft  Eclipfe  of  Dec.  22.  1675.  but  as  the  Air  was  fomething 
cloudy,  and  becaufe  of  the  oblique  Incidence  of  the  Moon  into  the  Eartl^s 
Shadow,  its  Appulfe  to  the  Spots  was  very  flow,  and  thence  this  Eclipfe  was 
not  fo  proper  tor  this  purpofe.  Therefore  the  Difference  of  our  Meridians 
ftill  remains  uncertain  within  two  Minutes,  which  I  do  not  qucftion  but  we 
fliall  fometime  determine  to  our  Wiflies. 

Lmg.  •/straf-      XIIL  The  Meridian  of  Paris  is  diftant  from  that  of  Stn^burg  22'  48''. 

i"M.^iiitfdu,:  fro«^  the  End  of  the  Lunar  Eclipfe  of  Jan.  i .  New  Style  1 676.     And  bj  this 

n.  125.  p. 610.' Eclipfe  the  Meridian  of  Paris  is  diftant  from  that  of  London  &  38''  Eauerly. 

J'v.'("xL%     From  the  Obfervation  of  the  Eclipfe  of  July  7.  1675.  this  appeared  to  be  10', 

Lmg.  f/ Arig-  as  alfo  from  the  Eclipfe  of  Jan.  1 1 .  of  the  fame  Year. 

hy^Vt^/.*^"    XlV.  Avignon  is  19'  40",  or  4^  50' to  the  Eaftward  of  London. 

n  f.  p.  126.         XV.  M.  Cqffini  having  compared  together  the  Obfervations  of  the  Solar 

^j^ipuiii  Eclipfes  of  July  11. ft.  n.  1684.  and  made  fuch  Redudions  as  the  Parallax  re** 

inFnnct         quircs,  lays  down  the  Longitudes  from  Paris  to 

''719:  no.  '      Aix  in  Provence  14'  E.    The  Lat.  by  M.  Gautier  is  43*  30'. 

*  Lyons  8\  or  13'  E. 
Rofes  4  E.     The  Lat.  by  M.  ChaffeUs  42*  10'. 
Honfieur^'^. 
Pau  1 1'.  W.     The  Lat.  by  P.  Ricbaud  43*  30'. 

Lmg.  •/Lisbon  XVI.  Mr.  Jacobs  anEngli/b  Merchant  refiding  at  Lisbon^  informed  Mr. 
%d,%^cl^.^'  Flamfteed^  that  he  obferved  the  Beginning  of  the  Lunar  Eclipfe^  Feb.  11.  168I- 
IV.  $.  icLix.  there  at  8^  3 1',  p.  m.  which  gives  the  Difference  of  the  Meridians  betwixt  the 

Obfervaiory  2X  Greenwich  and  Lisbon^    4^ii  Minutes  of  Time,    or   lo**  2 

confiderably  different  from  our  Maps  and  Sea-Charts. 
Lft.rfMz.  XVII.  The  Earl  of  Sandwich  efteem'd,  by  the  Sun's  Altitude  in  the  !"    • 

^'sindvi^c'h.   .^^^^»  ^^^  ^y  ^^^^  Meridian  Altitudes,  the  Latitude  of  Madrid  to  be  40*  ic 
n.  12.  p.  .390.    which  differs  confiderably  from  that  affigned  by  others,  the  General  Chai 

of  Europe  giving  to  it  41**  30';  the  General  Map  of  Spain  40**  27',  and 

large  Provincial  Map  of  Cafiile  40**  sS^. 
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XVUI.  r:  By  .many  toncurring  Oblervations  of  the  Moon  and  other  fiJ^^n?^^"* 
JPlanets,  I  haye  found  that  the  Diffance  of  the  .City  of  Seville  from  Urani- 1^. .  "  u^! 
hurg^  as  to  Dtngitude^  is  90'  or  li  Hour,  the  Difa^eement  being  within  ^'- J|J°^  ^^'1^! *• 

2.  The  Prof eflfor  (hould  confider  again,  how  he  can  make, the  Diftance p. 417- ^/ /j^. ; 
of  the  Meridiatfs  of  Seville  and  Uraniburg  to  be  90'.      For  the.  Obfervations  p^"f,**^'  *'' 
of  the  Edipfe  of  the  Moon^  Jan.  fV*  1675.  make  the  Middle  at  London  f^vu  f^Xsp. 
I  I'i  after  Noon  \  to  which  the  Obfervations  at  Paris  agree.     The  Obferva-^^'^'  ^^^^' 
tions  of  the  faid  ProfeJJor  fix  the  Middle  at  Seville  at  6*'  47'.     Therefore  the 
Difference  6i  our  Meridians  is  24'^.     But  between  us  and  Uraniburg  there 
are  only  52'.     Therefore  the  Difference  of  Meridians  between  Seville  and 
Uraniburg  can  be  only  i*  i6'i.     I  am  afraid  thefe  Obfervations  of  the  Pro- 
feJJor are  made  only  with  his  naked  Eye  •,  for  the  Times  of  Incidence  and  £- 
merjion  make  i*"  5'.  whereas  our  Obfervations,  thofe  of  Paris ^  and  of  He- 
velius^  do  not  make  thofe  Times  greater  than  i""  I'i.  or  perhaps  fomething 
lefs. 

XIX.  The  Difference  of  Meridians  of  Copenhagen  and  Paris  by  the  Obfer-  ^•»g-  •Z^^^- 
vations  of  Jupiter*^  Satellites^  is  found  by  Mr.  Picard  to  be  o*"  41'  40".  55r"  pufa?d. 

n.  146.  p.  145. 

XX.  /f».  1680.  05.  23.  5/.  ^.  S.  Jof.  Pontbiaj  and  A&rn?  yfntonio  ^^^^^^^(j^^^. 
with  a  Telefcope  of  25  Palms,  obferved  the  Total  Immerfion  of  tht firft  Sa-lyMuvUm^' 
tellite  in  Jupitef^s  Shzdow  3,1  Rome^  at  10**  7'  53''-,  />.  w.  which  in  our  Ob-^^^' 
fervatory  here  I  nottd  at  9^  15' 4i''j   whofe  Difference  is  the  Difference  of"' ''^''^^*''* 
our  Meridians  =52'  12'',  or  13*"  03'.     Again,  Jan.  28.  1685.  S.  Francis 
Blancbini  obferved  the  Total  Immerfion  oi  the  Firft  zt  Rome ^  at  11*  19'!: 

which  I  faw  not  here,  but  my  Numbers  give  at  lo**  27'i:  Therefore  the 
Difference  of  Meridians  is  52%  and  Rome  lies  fo  much  more  jB<?/?^r^  than  the 
Obfervatory  at  Greenwich  5  agreeing  with  the  former  Obfervation. 

The  Noble  Tycbo  judged  therefore  not  much  amifs,  when  he  placed  t/r^w- 
burg  and  Rome  under  the  fame  Meridian ;  for  by  feveral  Obfervations  of  5/J-* 
tellite  Eclipfes  it  is  evident,  that  the  Difference  of  Meridians  betwixt  Urani- 
burg zvA  our  Obfervatory  is  51'  10''  of  Time;  fo  that -R^iw  lies  only  one 
Mimue  dF  Time,  or  i  of  a  Deg.  to  the  Eafi  of  Uraniburg. 

XXI.  I.  Dantzick  is  by  many  and  undoubted  Obfervations  proved  to  be ^4;.  •/Dane 
i""  15'  30",  more  Eafterfy  than  L(?»i(7».  m\t}!^ptlcd. 

2.  ^«.  1 683.  On  the  very  Day  of  the  Summer  Solftice^  Jun.  2 1 .  New  Style,  n:  5.  p.  1x4.    * 
at  Dantzicky  the  Sun\  Altitude  at  Noon  was  59"*  7'.  by  a  certain  fmall  Brafs^t/iyi^*'' 
Quadrant,  but  very  exaft.    But  on  the  Day  of  the  ^^umnal  Equinox  theHctdius. 
Sun's  Altitude  at  Noon  was  found  35^  27'-  n.  154.^.4^^ 

XXII.  The  Longitude  of  Nuremburg  has  been  formerly  ftated  11*  from  i««- •/!>«'"- 
London^  and  fince  found  to  be  fo  bv  Obfervations  of  the  Eelipfe  of  the  Sk»^^"  J^i  / 
July  a,  1684.  which  made  it  44 ^  0/ Time.  "•  '«*•?•  '47. 
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***w  fef*       XXIII.  The  Duration  oF  the  Lunar  Eclipfe^  Apr.  5.  x688.  is  made  by 
!!^  AJepposr     M.  Timmerman  from  7'''  38'  about  10**  4c\  which  agrees  within  8  or  10 

h JliCnuies  with  our  Talfles^  that  never  err  fenfibly  in  the  Continuance  of  Eclipfesi 

^l%fc!^}'  and  fo  much  ought  to  be  allowed  to  an  Obferver  not  fufficiently  inftrudrcd 
v.f.Lui.       to  diftinguifh  the  Penumbra  from  the  true  Shadow,  tho'  z  (mdil  Tele/cope 
were  ufed  in  this  Obfervation.     Let  us  conclude  then,  that  the  End  was  at 
10**  .40'  at  Mofco.     We  do  not  find  that  this  Eclipfe  was  obferved  at  Lon- 
'don:  However  this  defedt  is  in  good  part  fupplied  by  an  Obfervation  there- 
of made  2XLeipfick^  by  M.  Got f rid  Kirck^  and  publifhed  in  his  Epbemerides 
for  the  Year  1689;  where  the  End  is  determined  at  8*"  5/^  p.m.    Hence 
Mpfco  will  be  i*"  46'  to  the  Eajiward  of  Leipjick  -,  and  the  Difference  of  Me- 
ridians between  London  and  Leipjick  being  aheady  determined  49',  it  will 
follow  that  Mofco  is  2*  35'  to  the  Eaji  of  London^  or  38"*  45'  of  jjj-onjgitude, 
which  from  other  Accounts  we  find  to  be  very  near  that  of  the  City  o\  Aleppo 
.  •  '  in  Syria.  • 
TM.  pffeverai       By  the  famc  hand  we  have  procured  the  Latitudes  of  the  following  Places, 
Tp!asI!'^'^  obferved,  as  'tis  fai4^  with  a  large  Quadrant. 

Mofco r-55«  34' 

Tereflaw p,j  44 

JVologda  59  19 

fFoflak^  61  15 

Arcb-Angel  —  64  30 

^MiUndts  0/         XXIV.  I  have  been  as  curious  as  I  could  in  taking  the  Latitudes  of  fome 
pucJr^*i^!  remarkable  Places :  As  I  find  them,  I  Ihall  give  them  you.  "^ 

Francii  Vernon.    •    • 

j«.MV45i  .  ^^^^^ ' 3^""  05'7  fPatras 38'  40' 

Corinth-- 38  i4l\Delpbos 38  50 

Sparta 37  10  l" i  Thebes  '  38  22 

Corone  37  02  J  {^Negropont  or  Chalets  ^S  31     . 

^ontohri^  ic      ^^^^^^'  Upon  Intimation  of  your  Grace^s  Defires,  and  upon  Importunity 

-iif^\hod^j7*-^ffonie  Learned  Men,  having  finlftied  a  Table,  as  a  Key  to  your  Graces 

^{j^^^^^^'^^y€xq^^  touching  Afia  properly  fo  called  \  I  thought  myfelf  o- 

Greavw.      '  Wiged  to  givc  both  you  and  them  a  Reafon,  why,  in  the  fituation  of  Byzantu 

'i^eb/An*  !685''.^^  and  the  Ifland  Rhodes ^  (which  two  eminent  Places  I  have  made  the 

.  /       '  Tra^pciTriyfAcSat  and  Bounds  of  the  Chart)  I  diflent  from  the  Traditions  of  the 

AntiefitSy  and  from  the  Tables  of  our  late  and  beft  Geographers ;  and  confe- 

/.  q'uently,  Diflenting  in  thefe,  have  been  neceffitated  to  alter  the  Latitudes  ''•^ 

'    '    '  not  Longitudes)  of  moft  of  the  remarkable  Cities  of  this  difcourfe,     A 

.    .  •.      *    fii[^  iox  Byzantium^  the  received  Latitude  of  it  hy  Appianus.^  Mercator^  C 

u'Ulius^  Maginusy  and  fome  others,  is  43*"  V*     And  this  alfo  we  find  in  t 

•  .  Bqfil  Edition  oiPtolemy^^  Geography^  procured  by  Erafmus  out  of  a  Greek  N 

'    V  •. ;  .of  Petti ebius.'    The  fame  likewife  is  confirmed  by  another  choice  MS. 

:'.  Qreck,  of  the  moft  Learned  and  Judicious  Mr.  Selden^  to  ^hom  for  this  Favo 
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and  fcveral  others  I  ftand  obliged.    And  as  much  is  exprefled  in  the  late  £- 
dition  of  Ptoknrf  by  Bertius^  compared  and  corre6ted  by  SylburgiuSy  with  a 
Manufcript  out  of  the  Palatine  Library.    Wherefore  it  cannot  be  doubted, 
having  fuch  a  croud  of  Witneflcs,  but  that  Ptolemy  affigned  to  fyzofttium^ 
as  our  beft  Modern  Geographers  have  done,  the  Latitude  of  43''  g\    And  this 
will  farther  appear,  not  only  out  of  his  Geography  where  it  is  often  exprefled, 
but  alfo  out  of  his  Mtydxn  Zurag^,  or  Almageft  as  the  Arabians  term  it,    • 
where  defcribing  the  Parallel  pafling  A«  Buj^avrw,   he  afligns  to  it  43^  5'. 
What  was  the  Opinion,  concerning  Byzantiumy  of  Strabo  preceding  Ptolemy y 
or  of  Hipparchus  preceding  Straboy  or  of  Eratoftbenes  antienter,  and  it  may 
(      be  accurater  than  all  of  them,    (for  Strabo   Lib.   2.  calls  him  nA£u7aro#  * 
\       irpayfA»rtviroifj(,iyo^  w£fl  rrig  y€«j^a(p/«f)  tho'   ^ulfy  {Lib,  Ep.    ad  Att.)    niakes 
Ripparcbus  often  reprehend  Jiratofibenesy  as  Ptolemy  after  him  doth  Marinusy 
I      their  Writings  not  being  now  extant,  (unlefs  thofe  of  Strabo)  cannot  be 
[      determined  by  us.  '  But  as  for  Straboy  in  our  Inquiry  we  can  exped:  little 
[      Satisfaftion ;  for  his  Defcription  of  Places  having  more  of  the  Hijiorian  and 
\      Pbilofopbery  (both  which  he  hath  performed  with  lingular  Gravity  and  Judg- 
ment) than  the  Exadbiefs  of  a  Matbematiciany  who  ftriftly  refpedls  the  Po- 
fition  of  Places,  without  Inquifition  after  their  Nature,  Qualities  arid  Inhabi- 
i     tants,  (tho*  the  beft  Geography  would  be  a  Mixture  of  them  all,  as  Abut-- 
.     feddy  an  Arabian  Prince  in  his  ReSification  of  Countries  above  300  Years  fince 
r      hath  done ;)  I  fay,  for  thefe  Reafons  we  can  expeft  little  Satisfaftion  from 
Strabo y  and  lefs  may  we  hope  for  from  Diony/tus  nfery  Anianusy  Stepbanus  By^ 
xantiusy  and  others.    Wherefore,  next  having  recourfe  to  the  Arabians^  who   . 
I      in  Geography  deferved  the  fecond  Place  after  the  Graciansy  I  find.in  Naffir  Eddin 
the  L^titqde  of  Byzantiumy  which  he  terms  Buzantiyay  Conjiantiniyay  to  be 
45%  and  in  Uleg.  Beg*s  Afironomieal  Tables  the  fame  to  be  exprefled.     Abul-- 
I      feda  chiefly  follows  four  Principal  Authors  as  his  Guides,  in  the  compiling  of  • 
his  Geographical  Tables  •,  thofe  are,  Alfarasy  Albiruny^  Ron  Saiid  Almagraby^ 
lailly  Ptolemy y  whofe  Geography  he  terms  a  Defcription  of  the  j^uadranty  Tor 
the  fourth  Part  of  the  Earth)  inhabited  ;  and  all  thefe,  according  to  his.  Af-  .* 
fcrtion,  place  Byzantium  in  45^  of  Latitude.  And  here  it  may  juftly  be  won- 
dred,  how  this  Difference  fhould  arife  between  the  Greek  Copies  of  Ptolemy^ 
and  thofe  tranflated  into  Arabick  by  the  Command  of  Almamony  the  Learned   ; 
Caliph  of  Babylon ;  for  Abulfeda  exprefly  relates,  that  Ptokmy  was  firfl  interpret- 
ed in  his  Time,  that  is,  in  the  Computation  of  Almecinus  in  Erpenius^s  Edi^^ 
ttony  and  of  Emir  Cond  a  Perfian  Hiftoriograpbery  more  than  800  Years  fince  : " 
Concerning  which  Abulfeda  writes  thus.  This  Book  (difcourling  of  Ptole- 
fff/%  Geography)  was  tranflated  out  of  the  Grecian  Language  into  the,  Arabick  for   ' 
Mmamon :  And  in  this  I  find  (by  three  fair  MSS  of  Abulfeda)  Byzantium  " 
to  be  conflantly  placed  in  45^  and  as  conflantly  in  the  Greek  Copies  in  43'''  5'. 
But  in  the  wfoj^njot  KMovtg  of  Chryfococcay  out  of  the  Per/tan  Tables^  madei. 
about  the  Year  1346.  in  Scaliger*^  Calculation,  it  is  placed  in  45'.     To  re-  • 
concile  the  DiflFerencc  between  the  Greeks  and  Arabians  may  feem  impoflible, 
-for  the  common  Refuge  of  flying  to  the  Corruption  of  Numbers  by  Tran-  •' 
icribers,  and  laying  the  Fault  on  them  which  fomctimes  is  the  Author's^  will  • 
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not  help  us  in  this  particular ;  feeing  the  Greek  ChpUs  agree  among  them- 
felves,  and  the  Arabick  Copies  amongft  thcmfelves.  The  beft  way  to  end 
the  Difpute  will  be,  to  give  Credit  concerning  the  Latitude  of  Byzantium^ 
neither  to  the  Greeks  nor  Arabians.  And  that  I  have  rcafon  for  tiiis  Aflcr* 
tion,  appears  by  feveral  Obfcrvations  of  mine  at  Conftantinople^  with  a  Brais 
Sextant  of  above  4  Foot  Radius.  Where  taking,  in  the  Sumnp^  Soljiice^  the 
Meridian  Altitude  of  the  iS«».  without  ufmg  any  ir^oTApii^is-i^  for  the  Pa- 
rallax and  Refraftion,  (which  at  that  time  was  not  neceffary,)  I  found  the 
Latitude  to  be  41**  6\  And  in  this  Latitude  in  the  Chart  I  have  placed  By- 
zantium^  and  not  in  that  either  of  the  Greeks  or  Arabians.  From  which  Ob- 
fervation,  being  of  Angular  Ufe  in  the  ReSlification  of  Geography^  it  will  fol* 
low  by  way  of  Corollary,  that  all  Maps  for  the  North  Eajt  of  Europe^  and  of 
Afia^  adjoining  upon  the  Bofphorus  Thracius,  the  Pontus  Euxinus^  and  much 
farther,  are  to  be  corredted ;  and  confequently  the  Situation  of  moft  Cities 
in  AJia^  properly  fo  called^  are  to  be  brought  more  Southerly  than  thofe  of 
Ptolemy  by  almoft  two  entire  Degrees,  and  than  thofe  of  t\i^.  Arabians  by  al- 
moft  four. 

Concerning  Rhodes^  it  may  be  prefumed,  that,  having  been  the  Mother 
and  Nurfe  of  fo  many  eminent  Mathematicians,  and  having  long  flourilh- 
cd  in  Navigation,  by  the  Direction  of  thefe,  and  by  the  Vicinity  of  the  Pte- 
niciansy  they  could  not  be  ignorant  of  the  precife  Latitude  of  their  Country, 
and  that  from  them  Ptolemy  might  receive  a  true  Information.  The*  it 
cannot  be  denied,  but  that  Ptolenr^  in  Places  remoter  from  Alexandria  hath 
much  erred.  I  fliali  only  inftance  in  our  own  Country,  where  be  fituates 
Aovimov,  that  is  London^  in  54''  of  Latitude ;  and  the  ro  pr»ro»  or  the  middle 
of  the  IJle  of  Wight ^  (which  in  the  printed  Copies  is  falfely  termed  'OuuJan^, 
but  in  the  MSS.  rightly  'OuMk,)  in  52*  and  %o'  of  Latitude.  Whereas  Lw- 
don  is  certainly  known  to  have  for  the  Altitude  of  the  Polty  or  Latitude  of 
the  Place,  only  51°  and  32',  and  the  Middle  of  the  j^  of  fFigbi  not  to 
exceed  50®  and  fome  Minutes. 

But  in  my  Judgment  Ptolemy  is  very  excufable  in  thefe  and  the  like  Eitois, 
of  feveral  other  Places  far  diftant  from  Alexandria ;  feeing  he  muft  for  thdr 
Pofition.neceffarily  have  depended  either  upon  Relations  of  Travellers^  or  Ob* 
fervations  of  Mariners^  or  upon  the  Longitude  of  the  Bay  meafured  in  thoie 
times  by  Clepfydr^:  All  which  how  uncertain  they  are,  and  fufa^ed  unto  Er- 
ror, if  fome  Celeftial  Obfervations  be  not  joined  with  them,  and  thofe  ex- 
adly  taken  with  large  Inftruments,  (in  which  kind  the  Aniients  had  not 
many,  and  Our  Times  (excepting  Tycbo  Brabe^  and  fome  of  the  Ar(Aians)  but 
a  few,)  I  fay  no  Man,  that  hath  converfed  with  Modem  Travellers  and 
Navigatorsy  can  be  ignorant.  Wherefore  to  excufe  thofe  Errors  rf  ' "  ► 
(or  rather  of  others  fathered  by  him)  with  a  greater  Abfurdity,  by 
.  ferting  the  Poles  of  the  World  fince  his  time  to  have  Changed  their  1  j^ 
and  confequentiy  all  Countries  their  Latitudes^  as  Mariana  the  Maftei  : 
Copernicusy  and  others  after  him  have  imagined :  Or  elfe  to  charge  Pick.  » 
being  fo  excellent  an  Artift,  with  Ignorance,  and  that  even  of  his  own  Cou.  * 
try,  as  Cluverius  hath  done,  (from  which  my  Obfervations  at  Alexandria^  a    I 
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Mmpbis^  may  vindicate  bim>)  the  former  were  too  great  a  Stupidity,  and 
die  latter  too  great  a  Prefumption.  But  to  return  to  Rhodes^  an  Ifland  (in 
Eufiatbius^%  Comment  upon  Dian)ififis*s  Ili(iifyn<rig)  of  920  Furlongs  Circuity 
where  according  to  Ptolernf  the  Parallel  paffing  iU  'Vih  hath  36"*  of  Latu 
tudej  and  fo  hath  Undos^  and  IfiXvero-of,  the  Chief  Cities  of  the  IQand  -,  the  fame 
is  confirmed  by  the  MS.  but  where  the  printed  Copy  and  Eujiathius  read 
*InXwr(roV,  which  Mercator  renders  Talyjfus^  the  MS.  renders  'lAim.  -4ia/- 
feda  in  fome  Copies  fituates  the  Ifland  Rhodes^  (for  he  mentions  no  Cities 
there)  in  the  Latitude  of  37  Deg.  and  40  Min.  and  the  Geography  of  Siud 
Ibn  Aly  Algiorgany^  commended  by  Gilbertus  Gaulmyn^  in  37^,  if  it  be  not 
by  a  Tranfpoution  in  the  MS.  of  the  Numerical  Letters  in  Armcky  37  for  36. 
which  by  reafon  of  their  Similitude  are  often  confounded  in  Arabick  MSS. 
By  my  Obfervations  under  the  Walls  of  the  City  Rhodes,  with  a  fair  Brafs 
Aftrolable  of  Gemma  Frifius^  containing  14  Inches  in  the  Diameter,  I  found 
the  Latitude  to  be  37"*  and  50'.  A  larger  Inftrument  I  durft  not  adven- 
ture to  carry  on  Shore  in  a  Place  of  fo  much  Jealoufy.  And  this  Latitude 
in  the  Chart  I  have  afligned  to  the  City  Rhodes^  (from  the  Ifland  fo  denomi- 
nated, upon  which  on  the  North  Eafl:  fide  it  ftands  fituated)  better  agree- 
ing with  the  Arabians  than  with  Ptolemy^  whom  I  know  not  how  to  ex- 
cufe. 

XXVI.  In  the  Second  Book  of  the  Voyage  de  Siam  des  Peres  Jefuites^  are  ^•h*  ^lsi, 
related  two  Obfervations  of  the  Satellites  oi  Jupiter j  capable,  if  well  made,  S^i'nfiSs* 
to  afcertain  the  Longitude  of  the  Cape  of  good  Hope.  The  firft  was  there  ^»^^ 
mad6  7«»^2d;;^. ».  1685,  when  at  iih  29'  20'',  the  Firft  or  innermoft 
Satellite  touched  the  Weft  em  Edge  of  Jupiter  ^  and  at  iih  30'  50^^  it  ap- 
peared no  more :  This  Obfervation  is  faid  to  be  made  with  an  excellent  Te- 
fefcopeof  12  Foot.  The  other  was  on  June  the  4/^  following)?,  n.  when 
the  Emerjim  of  the  fame  Satellite  was  obferved  at  gh  37^40%  from  which 
latter  is  concluded,  that  the  Longitude  of  the  Gi^^  is  18'' to  th&  Eaft  of 
Paris ;  for  that  the  faid  Emerjion^  according  to  the  Calculus  of  Cafttnij  in  the 
Meridian  of  Parisj  ought  to  have  happened  at  8h  26'.  This* fame  Emerfum 
is  computed  by  Mr.  Flamfieed^  at  8h  19',  at  London^  that  is  3  min.  later 
than  by  S,  Caffini  \  and  confidering  that  neither  is  verified  by  Obfervation  in 
Europe^  the  Longitude  hence  deduced  is  doubtful  at  leaft  3  min.  if  this  had 
been  the  only  Obfervation.  But  the  former  being  confidered  will  yet  Ihew 
that  there  is  a  much  greater  Doubt  ftill  remaining :  For  from*  certain  A-  • 
ftronomic^  Principles  the  Parallax  of  the  Orb^  or  Difference  between  the 
Place  oi  Jupiter  feen  from  the  Sun  and  Earth  was,  at  the  Time  of  the  firft 
Obfervation,  9**  9';  which  Arch  that  Satellite  m.oves  in  1**  6\  and  the 
utmoft  Duration  of  an  Eelipfe  hereof  in  this  Pofition  of  Jupiter  being  fcarce 
2^  20'  (as  appears  by  the  accurate  Obfervations  of  M.  Caffitii  and  M.  Flamr 
fteed)  it  will  follow,  that  from  the  Immerjibn  behind  Jupiter^ %  Weftcrn  Edge 
to  the  Emerjion  out  of  the  Shadow,  there  could  not  be  full  3"*  26'.  Where- 
fore the  Emerjion  out  of  the  Shadow,  on  June  2^  ought  according  to  the 
<lme  of  Immerfam^  to  be  at  14^  56',  at  the  lateft  at  the  Cape\  which  by. 


Mr.EawfigeiTs  Calculus  was  at  London  13*"  51'.  or  according  to  5.  CaJ^i  at 
13*"  58'  at  Paris.  Hence  the  Longitude  of  the  Cape, will  be  found  but  14 
deg.  and  a  half  at  moft  to  the  Eaji  of  P^^r/J;  fo  that  thefe  2  Obfervations 
will  differ  in  the  Refult  about  a  quarter  of  an  Hour,  which  is  a  little  too  much. 
However  there  arc  fome  Reafons  that  feem  to  argue  for  this  latter  Longitude 
rather  than  the  former  -,  for  it  is  much  cafier  to  obferve  what  becomes  of  a 
luminous  Qbjeft  that  appears,  than  to  wait  upon  the  firft  Appearance  of  a 
Star  eclipfed  :  And  it  is  probable  that  the  Satellite  might  in  the  latter  Time 
be  feveral  Minutes  emerged  out  of  the  Shadow,  when  they  might  firft  per- 
ceive it ;  but  they  could  not  but  fee  the  Application  to  the  Body  of  Jupiter 
in  the  Former,  if  we  may  fuppofe  their  Telefcopes  fo  good  as  they  are  faid 
to  be.  And  that  the  Cape  of  good  Hope  is  not  more  than  an  Hour  to  the  E/^ 
of  Faris^  is  proved  by  the  conftant  Confent  of  our  Navigators^  who  find  by 
their  Reckonings  that  thelfland  of  St.  Helena  is  about  22  or  23  deg.of  Lon- 
gitude to  the  Weftward  of  the  Cape  :  (and  that  Sailing  both  backwards  and 
forwards,  'tis  the  fame,  which  takes  away  the  Objcdtion  of  Currents)  Now 
ttdfn^'^'fl.  '^y  accurate  Obfervations  made  at  St.  Helena^  and  compared  with  others  made 
in  Europe  at  the  fame  time,  the  Longitude  oCthat  Ifle  is  certainly  about  8  t 
deg,  to  the  JV^eft  of  Paris  \  it  follows  therefore  that  the  Cape  cannot  be  much 
more  than  14  or  15  deg.  to  the  Eaft  of  Paris  \  and  undoubtedly  it  muft  be 
lefs  than  1 9!" ;  for  3  ^g.  is  much  too  great  an  Error  to  be  committed  in  (o 
fliort  a  Diftance  of  Sailing. 

Suai^Sr!'/^      XXVII.  Mr.  Thomas  Heatbcot  was  Chirurgeon  to  a  Ship,  which,  Jtug.  19^ 
Mr.  Fitmike'ed.  1 68 1 .  lay  at  the  bottom  of  a  deep  Bay  on  the  Weftern  Shore  of  Madagafcarj 
tig^Uclp,    ^^  ^^^^  P^^  which  the  Portuguefe  and  our  Maps  call  the  Terra  del  Gadai 
ly.  §  XLviii.  He  had  then  with. him  on  Shore,  a  Quadrant  of  two  Foot  Radius,  and  a 
^  .,      Telefcope  of  9  Foot,  but  no  Clock ;  to  fupply  which  Defeft,  he  made  a  Pen- 
dulum of  a  String  and  a  Bullet  39  Inches  long,  that  each  fingie  Vibration 
might  anfwejr  a  Second  of  Time.     Waiting  the  Beginning  of  the  EcUpfe  with 
his  Glafs,  as  foon  as  he  faw  the  true  Sha:dow  enter  on  the  Moon^s  Limb, 
.he  caufed  his  Friends  who  aflifted  him,  to  make  the  Pendulum  vibrate,  and 
cOupt  its.  Vibrations-,  of  which  they  had  numbred    140  t=    2'  20*^  of 
Time,  when  he  too^:  the  height  of  Procyon  (then  Eaft  of  the  Meridian)  25* 
;  39'.  The  next  day  h€  oblerved  the  Sun*%  Meridional  Height  with  the  fame 
Quadrant,*  whence  he'foUnd  the  Latitude  of  the  Place  19®  ^cf  South:  heBce 
the  time  when  He  took  the  height  of  Pr^ry^^  is  found  4**  51'   mane^  and 
liibtrafting  the  2' 20'',  paft  fince  the  ohkvrtdi  Beginning  of  the  EcUpfe^  its 

•     •       true  heginnfng  was  at . ■■  — — — —  4^    48'    Ad* 

.  Which  at  the  Oi/erv^tory^  here  I  noted  at  -: — 1     50 

Therefore  this  Parp  of  Madagafcar  is  more  Eafterly         ■         2581 
or  44*  30',  which  our  Maps  make  52° ;  that  is  7 1  deg.  more  remote  far    i 
it  than  it  really  is,     .  • .  ' 

2i.^iS!f       XXVm.  Taking  the  Obfervations  of  the  Occultation  of  the  BuWs  Ey  . 
0^.  28.  i68o.  under  the  Examinatioii  of  a  Cdctdus^  I  find  that  at  8  1  ^ 
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or  the  Immerfion  at  London^  the  true  Place  of  the  M>on  corrcft  by  ParaUex forth  ^'^j 
was  n  4«  32'  24" ;    but  at  16**  go',  at  Balk/are  Road  (in  the  Lat.  of  2i**HaUey,  Fb^cai. 
23',  N.  and   about  20  Miles  E.  S.  E.  from   the  Town)  the  true  place  oi^jJ-P-  ^*4* 
tht Moon  was  H  5*  54',  that  is  i*  2V  36",  more  than  at  S^  6\  at  London :iv',^xvi. 
Now  according  to  the  Moon's  Velocity  at  that  Time,  Ihe  pa(fed  an  Arch  ^p**^- ^°-  ■^^-* 
of  I**  21'  36'',  in  2^  8'  40",  of  time ;  fo  then  at  10**  14'  40'',  at  London^ 
the  Moon  was  in  the  fame  Place  as  at  ib*  oo%  at  Bdlafore  Road\  whence 
the  Diflference  of  Longitude  will  be  ^  45'  20'',  or  86°  20'.     Ballafore  be-  . 
ing  fo  much  to  the  Eaftward  of  London. 

2.  By  the  Calculation  of  the  Immerfton  of  the  BtdPs  Eye^  Dec.  1680.  Ind.r^.  c^. 
find  that  at  the  14'*  49',  at  Ballafore  the  Moon's  true  Place  was  n  &"  3o'^v.$lxvii. 
30%  and  at  7*^46'  12'',  thecorreft  Time  of  the  Immerfion  at  Danizick,  the 

true  Place  was  H  4*  55'  1 1" ;  that  is  i**  35'  20'',  fhort  of  the  Place  de- 
duced from  the  Obfervation  at  Ballafore  Road\  which  make  in  Time  2**  32" 
40''.  Whence  it  follows,  that  lo*"  18'  52'',  at  Bantzick  make  14^  49',  at 
Ballafore  Road^  and  the  Difference  of  Longitude  4^  30'  8" ;  and  Dantzick 
being  i"  15'  50'',  more  Eqfterly  than  London^  Ballafore  Road  will  be  from 
X-£?»i?»5^  45' 38",  or  86°  24'.  and  the  fame  Difference  of  Mr/i/^^  will 
be  found  86*  14',  if  you  makeufe  of  the  Immerfion  at  Dantzick. 

3.  For  farther  Confirmation  hereof,  Mr.  Benj.  Harry^  being  afhore  at  Bal- 
lafore Town,  obferved  with  very  great  Care  and  Exa&nefs,  Nov.  18,  1680. 
that  at  9**  13',  the  Star,  which  Uycbo  calls,  in  Cotyla  dextra  Aquarii  duarum 
pr^ecedensy  (and  which  was  then  in  Aquarius  28*^  52',  and  Lat.  2**  46',  N.) 
was  in  a  right  Line  with  the  Cufps  of  the  Moon^  then  near  the  firft  Quar- 
ter. The  Star's  place  is  confirmed  by  the  Agreement  of  Hevelius's  Obfer- 
vations  with  thofe  of  Tycbo  -,  and  the  Theory  of  the  Moon  cannot  be  con- 
fiderably  faulty  in  that  Part  of  the  Orl^j  it  falling  precifely  on  her  greatcft 
Equation :  wherefore  by  the  Theory  and  Numbers  of  Horroxy,  tht  true  Place 
otthe  Moon  zt  2^  5^*  zt  London^  is  found  ^  2^  22'  10".  but  at  <^  13',  . 
at  Ballafore y  her  Place  was  in  »  29"*  41'  17" ;  that  is,  19'  7"  more  than 
at  Londony  which  in  Time  gives  36';  fo  that  3**  29'  at  Londony  was  9^  13', 
at  Ballaforty  and  the  Difference  of  Long.  5*"  44'  or  86^  00'  precifely ; 
which  xhtDuUh  Maps  make  full  out  99'':  And  the  French  Maps  of  San-- 
fony  pretending  to  correft  them,  have  njade  them  5*  worfe,  and  the  Er- 
ror 18"*  completely.  What  then  is  to  be  thought  of  the  JDcfcriptions  of 
thofe  Places  which  have  been  but  feldom  vifited  .^     • 

XXIX.  I  have  deduced  y^  23'.  for  the  Difference  of  Longitudes  between  Lti%.  •/cw- 
Canton  and  Paris y  from  the  Exit  of  Mercury  out  of  the  5««'sDifk  obferved  ^^^^^^^ 
at  Canton  and  Nurimburg ;  and  from  the  Uclipfes  of  the  Moon  obferved  at/.  37* •'  '  ! 
Nurimburg  and  Paris.  ivl'^x'cvfii. 

XXX.  From  the  greatefl:  Meridian  Altitude  of  the  Polar  Star,  obferved  i^.^w^l*.!, 
by  the  Fathers  of  the  Society  of  Jefus^  Dec.  31.  1694.  with  a  corred  Inftru- 5^***.^*"^^^j^ 
ment,  which  was  42"*  iG  50".  the  Refraftion  being  luppofed  to  be  1'  17",  and.^iy^.  /j.  ^^ 
the  Diftancc  of  the  Pole  Star  from  the  Pole  at  that  time  was  l""  19'  57",  whence 

the  Altitude  of  the  Pole  is  39**  54'  56". 
•  Vol.  L  D  d  d  d  From 
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From  the  Icaft  Meridian  Altitude  of  the  (aid  Taiar  Siar^  obfervcd  on  the 
7,  8,  and  i^  Days  of  May^  1695.  with  a  corredt  Inftrumcntto  be  37*"  36' 
4q''.  fuppoung  the  Refraftion  to  be  i'  28".  and  the  DJftance  of  the  Polar  Star 
from  the  Pole  to  be  2?  19"  50".    The  Alfifude  of  the  ?<?/^  is  found  39*  55^  i'', 

Negle6ting  the  Refraftion,  the  greateft  Altitude  of  the  Pole- 
Star  derived  from  the  Obfervation  of  Dec.  31.  aforegoing,  was    •      '      '^ 

at  the  Beginning  of  A%y    ■     ^    "         ■      ">■     »■  ; 

And  the  leaft  Altitude  of  the  fame  was  then      -— r-^     • 

Therefore  the  Difference  of  Altitudes 

And  the  Diftance  of  the  Polar  Star  from  the  Pole 

And  the  apparent  Altitude  of  the  Pole 

To  this  apparent  Altitude  the  Refraction  by  my  Table  is  — 

Wherefore  the  Altitude  of  the  Pole  at  Peking  is    ■     ■  ■     -^ 

For  the  Longitude  of  the  City  of  Peking^  the  Immerfion  of 
the  firft  of  Jupiter^  Satellites  mto  the  Shadow  of  Jupiter  was  obferved  Jan. 
18. 1695.  at  iz^  51'  14'. 

.  Our  Tables  on  ^hat  Day  reprefent  this  Immerfion  to  have  beer\  at  ^^^  j  8'  49". 
Now  the  OWervations  made  in  the  fame  Month  in  the  R^al  Objervatory  at 
Paris  (hew  that  the  Tables  were  retarded  at  that  time  2'  30''. 

Therefore  that  Immerfion  was  at  Paris  at  5*"  16'  19"-  Thcrcfonc  the  Dif- 
ference pf  Meridians  between  the  Cities  oi  Paris  and  Peking  will  be  f"  34'  5S% 

But  as  from  other  Obfervations  the  fame  Difference  of  Meridians  }ia$bcai 
formerly  found  to  be  7?  36'.  we  may  affumeit  j^  35'h 

Lat,  9fSt.  Sal-      XXXI.  St.  Sahadore  in  Brafil  is  in  the  Southern  Latitude  ii"*  47'. 

^adore.  n.  105.       XXXU-  Bridge-Town  in  Barbadoes  is  in  the  Northern  Latitude  <)£  iz""  58'. 

i^f.o/Bridfee.       XXXm.  I.  I  herewith  fend  you  what  I  have  received  out  k&  Mufcovj^ 

Town.  n.  189.  ^^j^hisa  Nev)  Map  of  Nova  Zen^la  and  Weigats^  as  it  hath  been  difcovcr'd 

A  Defcri^tifm%f  by  th^  cxprefs  Order  of  the  Czar  %  and  drawn  by  a  Painter,  call*d  Panekfo^ 

j|J°M.  nI^h^^**  ^tjkl^  who  fcnt  it  me  from  Mofco  for  a  Prefent ;  by  which  it  appears,  ^at 

witfen.  n.  loi.  flova  ZcmHa  is  not  an  IJland^  as  hitherto  it  hath  been  believed  to  be  ;  and 

^  F7jf.ao5.      tlwt  the  Mare  Glaciate  is  not  a  Sea,  but  a  Sinus^  or  Bay,  the  Waters  whereof 

Mar.  An.  167*  are  frcfli :  Which  is  the  fame  with  what  the  Tartars  do  alfo  afTure  us,  who 

have  taftcd  thefe  very  Waters  in  the  midft  of  the  Sinus.    The  Samojeds^ 

as  well  as  the  Xartars^  do  unanimoufly  affirm,  that  paffing  on  the  back  of 

Nova  Zembla^  at  a  confiderable  Diftance  from  the  Shore,  Navigates  may 

well  pafs  as  f^r  as  Japan,     And  *tis  a  great  Fault  in  the  Englifb  and  Dutcb^ 

chat,  fceking  to  get  to  Japan  on  the  South-fide  of  Nova  ZembUty  they  have 

almoft  alwayapals'd  the  fVeigats. 

-y  '        .    The  Letter  p  in  the  great  River  Oby  marks  the  Place  of  aCataraft  or 

Fall  of  Waters.     The  Letter  K  denotes  the  Conjiindion  of  Zembla  with  the 

Cmtinetif.     The  River  marked  L  runs  from  China^  called  Kitaie  •,  which  is 

.  not  everywhere  Navigable,  by  reafon  of  the  Rocks^  and  other  Inconveni- 

.   .       '  cnces  that  obftnKSt  the  paffing  of  Veflels.     Weigats  itfelf  is  ;V-cry  difficult 

•to  pafs,  becaufe  of  the  great  Quantity  of  Ice  continually  falling  into  it  out 

of  the  River  O^*,  whereby  that  ftreight  Pa0age  is  ftopped  up.  The  Sa^ 
,    .    .  2  mojeds 
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myeds  go.  er^  year  A  FUhing  u|)on  the  faid  fnefh  Seai  and  diat  on  Novai 

.  2.  Iformeriy  thought  Nova  Zemib  had  been  z  Continent:  But  Ihave'93  ^494• 
fincc  been  better  informed,  land  retrai3:ed  that  Error.  And>  whereas  the 
late  M.  Vtffius  wOuld  needs  perfuade  himfelf,  as  well  as  he  did  others,  to 
their  Ruin,  that  thcit  was  a  Paflage  to  Japan  by  the  Norths  and  that  the 
Tartarian  Countries  behind  N^a  Zembla  did  decline  immediately  towards 
the  South  ;  I  did  always  oppofe  it,  and  think  I  can  even  demonftrate  the 
Impoffibility  thereof.  So  that  what  he  wrote,  to  encourage  Mariners  to 
that  Attempt,  was  evea.  directing  them  to  the  point  of  Death  s  as  k.  alter-r 
wards  enfued. 

XXXIV.  WhJtt  is.  noted  with  &  fingle  Line,  is  cxaftly  copied  from  *e^^^y,  ^ 
Map,  which  M  Sanfwiy  one  of  the  moft  illuftrious  Giagrapbers  of  dus  Agep";|^dVw  a/.' 
pcfented  to  the  DMphin^  An.  1 679 .     The  Names  of  Cities,  whofe  Situation  J^**^^"'"' 

is  alfo  taken  from  .this  Map,  are  written  in  Italian  Chxca&tv^i  the  Correct  "'pi^/iJi!;!*^' 
tion  of  tl>e  .Pofition  of  Coafts  (which  is  deduced  from  the  Obfervations  W"-  ^n-  '^97. 
which  were  matie  to  that  End)  is  marked  with  a  Stroke  a  little  Ihadow'd 
towards  the  Sea,  as  is  commonly  done ;  and  the  Naffies  of  Cities,'  wfaoie 
Situation  is  correfted,  are  fet  down  in  Roman  Charafters. 

The  '^egH^  of  LatiHide  are  marked  on  both  fides  of  the  Border,  and  the 
Degrees  otLangiiude  m  the  fame  JJorder,  above  and  bebw  \  but  the  DiviBofiL 
of  them  .begins  at  the  Meridian  that  pa0es  thro*  the  Obfervatory  at  PariSy 
by  goifig  to  £<j^and.^C/?j  and  not  at  the  iWinaStfif  of  the  Ifle  of  Fiff*  as  i 

hath  been  eftablifhed,  bftcaufe  we  do  not  exaftly  know  the  Situation  of  thi$    -    •  * 
ifl^ in Tefpedaf  the 0*/Jrt7tf^ry.  .    .,,  ; 

XXXV.  I.  What  Arthmeticky  in  whole  Numbers  and  Fraftions,  as  ^'fo^^^^jj^ 
in  Decimals  and  Logarithms^  is  neceflary  for  the  £ime :  And  what 'Books  o/Kavig«tioa 
are  bed  for  Teaching  fo  much  thereof.     2.  What  Vulgaw,  Prstdical,  ^6^  ^'^  ^ .'Ipeiy. 
chatiicai  Geometry,  performable  by  the  Scale  and  Compafs,  is  fufficient.  n.  ijs,?*.  6^?  ' 
3.  What  Trigonometry,  right  Lined  and  Spherical,  will  fuffice.  4-  How  many  ^^■'-  '^°'  '^^3- 
Stars  are  to  be  known.     .5  What  Inftrwnents  art  beft  for  Ufe  at  ^90,  with 

the  Conftru£tion  of  them,  and  the  Manner  of  ufmg  them,  6.  The  whole 
Skill  of  the  Magnet,  as  to  the  direftive  Virtues  thereof,  and  all  the  Accidents 
that  may  befall  it.  7.  The  Hydrography  of  the  Globe  of  the  Earth,  iSbe  Per^ 
fpeSlive  of  the  Coafts,  and  the  Defcriptionof  the  under- water- bottom  of  the 
Sea.  8.  The  Knowledge  of  Winds  and  Meteors^  fo  far  as  the  fame  is  attain- 
able. 9.  The  Hiftory  and  Skill  of  all  Sorts  of  Fifhings.  10.  The  Art  of  Medi^ 
cine  and  Cbirurgery,  peculiar  for  die  5^^.  11.  The  Common  Lams  of  the 
jidmiralty,  and  JurifdiHion  of  the  Sea.  12.  The  feveral  ^/5«^/^j  and 
Cloathings  fit  for  Seamen.  .13.  The  whole  Science  of  Ebbing  and  Flowing, 
as  alfo  of  Currents  and  Eddies  at  Sea.  14.  Dromometry^  and  the  Meafiiresof 
a  Ship's  Motions  at  Sea.  15.  The  Buildit^  of  Ships  of  all  Sorts^  with  the 
feveral  Riggings  and  Sails  for  each  Species,  and  the  Ufe  of  all  the  Parts 
and  Motions  of  a  Ship.     16.  Naval  Oeconomy^  according  to  the  feveral 
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Voyages  tod  Countries.  17.  The  Art  cfCtmniftg^  Rpwingmd-  SaUitrg^  of 
all  the  feveral  forts  of  Veffels.  18.  The  Gumerj^  Fireworks  and  other 
Armatures  peculiar  to  Sea  and  to  Sea- Fights.  19.  The  Art  of  Leading  and 
Unloading  the  Chief  Commodities  to  the  beft  Advantage.  20.  The  Art  of 
'  weighing* funk  Ships  and  Goods,  as  alfo  of  Din/ing  for  funk  Goods  in  deep 

I  Water.     21.  The  General  Pbilofophy  of  the  Motim  and  Figures  of  the  Air^ 

I  the  Sea^  and  of  Sealbns;  of  Timber^  Iron,  Hemp,   Brimftone^  Talhw^  dec. 

I  And  of  their  feveral  Ufes  in  Naval  Affains.     22.  An  Account  of  5  or  6  of 

i  the  beft  Navies  of  Europe,  with  that  of  the  Arfenak,  Magazines,  Tards, 

Docks,  &c-  23.  An  account  of  all  the  *  Shipping  able  to  crofs  the  Seas  be- 
longing to  each  Kingdom  and  State  of  Europe.  24.  An  account  of  all  Ac 
chief  Commercial  Parts  of  the  World ;  with  mention  of  what  Commodities 
are  originally  carried  from,  and  ultiniately  to,  any  of  them.  25.  An  ac- 
I  .  count  of  the  chief  Sea-Fighls,  and  all  other  Naval  Expeditions  and  Ex[doits« 

relating  to  ff^ar,  Trade,  or  Difcovery,  which  have  happened  in  this  laft  Cen- 
tury. 26.  Of  die  moft  advantageous  Ufe  of  Telefcopes  for  feveral  Purpofes 
at  Sea.  27.  Of  the  feveral  Depths  of  the  Sea,  and  Heights  of  the  Atmo- 
fphere.  2g,  The  Art  of  making  Sea-water  frejb  2j\d  potahle^  and  fit  for  alt 
Ufes  in  Food  and  Phyfick  at  Sea. 

tucnumm^      XXXVI.  I.  Tho*  it  be  well  known,  that,    in  the  Terr^ial  Globe,  all 
^^ili>!l/  ^^  Msridians  meet  at  the  Pole,  (as  E  P,  E  P,)  whereby  the  Parallels  to 
^h!u^&!nm  the  Equator,  as  they  be  near  to  the  Pole,  do  continually  decreafe. 
^D^'^mLn.     ^'  ^^^  hereby  a  degree  of  Longitude  in  fuch  Parallels  is  lefs  than  a  dc- 
176.  ^  1 193'.    gree of  Longitude  in  the  Equator,  or  a  degree  of  latitude: 
V9^An!t6tT.     3'  -^^  ^^^  ^  ^"^^  Proportion,  as  ia.  the  Co-Sine  of  Latitude  (which  is 

'the  Semidiameter  of  fuch  Parallel)  to  the  Radius  of  the  Globe,  or  of  the 

Equator. 

4.  Yet  hath  it  been  thought  fit  (for  fome  Reafons)  to  reprefent  thcfc  Me- 
ridianSy  in  the  Sea-Chart,  by  parallel  ftraight  Lines ;  as  Ep,  Ep. 

5.  Whereby,  each  Parallel  to  the  Equator  (as  L  A)  was  reprefentcd  in 
the  Sea-Chart^  (as  1  a)  as  eaual  to  the  Equator  EE ;  and  a  D^.  of  Lngi- 
tude  therein,  as  large  as  in  uie  Equator. 

6.  By  this  means,  each  Degree  of  Longitude  in  fuch  Parallels  was  increa- 
fed,  beyond  its  jufl;  proportion,  at  fuch  rate  as  the  Equator  (or  its  Radius 
is  greater  than  fuch  Parallel,  or  the  Radius  thereof) 

7.  But,  in  the  Old  Sea-Charts,  the  degrees  of  i>///i//fc  were  yet  reprc- 
Jfented  (as  they  arc  in  themfelves)  equal  to  each  other,  and  to  thofc  ot  the 
Equator. 

8.  Hereby,  amongft  many  other  inconveniencies,  (as  Mr.  Ed.  Wright  ob-  . 
fervcs,  in  his  CorreSion  of  Errors  of  Navigation^  firil:  publiflied  in  d^  Year 
1599)  the  Reprefentation  of  the  Places  remote  from  the  Equator  was  fo 
diftorted  in  thofe  Charts^  as  that  (for  Inftance)  an  Ifland  in  the  Latitude  rf 
60  degrees,  (where  the  Radius  of  the  Parallel  h  but  halffo  great  as  diat 
of  the  Equator)  would  have  its  Length  (from  Eafi  to  fFefl)  m  Comjwrifon 
of  Breadth  (from  North  to  South)  reprefented  in  a  double  Proportion  of 
what  indeed  it  is.  9.  For  | 
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'  g.  Tor  re&ifying^  Ais  in  fomc  Meafure^  (and  of  fomc  odier  Inconvcnicn- 
cies)  Mr.  Wright  advifeth»  that  (the  Mkridums  remaining  Parallel,  as  bc- 
.fbre)  the  degrees  of  the  Latitude  remotcfrom  the  Equator,  fiiould  at  each 
-Parallel  be  protrafted  in  like  Proportion  with  thofe  oi  Longitude. 

10.  That  is  ;  as  the  Co-Sine  of  Latitude^  (which  is  the  Semidiameter  of 
the  Parallel)  to  the  Radius  of  the  Globe^  (which  is  that  of  the  Equator:)  So 
ihould  be  a  degree  of  Latitude  (which  is  every  where  equal  to  a  degree  of 
Longitude  in  the  Equator,)  to  fuch  degree  g£  latitude  fo  protra6ted  (at  fuch 
Diftance  from  the  Equator  •,)  and  fo  to  be  reprefcntcd  in  the  Chart. 

11.  That  is,  every  where,  in  fuch  Proportion,  as  13  the  refpeftive  Secant 
<for  fuch  Latitude)  to  the  Radius.    For»  as  the  Co-Sine,  to  the  Radius  5  fo 

is  the  Radius,  to  the  Secant  of  the  fame  Arch  or  Angle ;  or  2  :  R  : :  R  :  f.    Fi- 107. 

1 2.  So  that  (by  this  means)  the  Pofition of, each  Parallel  in  the  Chart  ihould 
be  at  fuch  Diftance  from  the  Equator,  compared  with  fo  many  Equinoftial 
Degrees  or  Minutes,  (as  are  thofe  of  Latjtuds)  as  are  all  the  Secants  (taken 
at  equal  Diftances  in  the  Archj  to  fo  many  times  the  Radius. 

1 3.  Which  is  equivalent  (as  Mr.  fVright  there  notes)  to  a  Projeftion  of 
the  Spherical  Surface  (fuppofing  the  Eye  at  the*  Centre)  on  the  Concave 
Surface  of  a  Cylinder  erefted:  at  right  Angles  to  the  Plane  of  the  Equator. 

14.  And  the  Divifion  of  MeriMans^  reprefented  by  the  Surface  of  a  Cylin-    rii  %o%. 
der  ereded  (on  the  Arch  of  Latitude)  at  Right  Angles  to  the  Plane  of  the 
Meridian  (or  a  Portion  thereof:)  The  Altitude  of  fiach  Proieftion  (or  Por- 
tion of  fucK  Cylindrick  Surface)  being  (at  each  Point  of  fuch  Circular  Bafe) 
equal  to  the  Secant  (of  Latitude)  dnfwering  to  fuch  Point. 

15.  This  Projedtion  (or  Portion  of  the  Cylindrick  Surface)  if  expanded   ^-^^^ 
into  a  Plane,  will  be  the  fame  with  a  plain  Figure,  whofe  Bafe  is  equal  to 

a  Quadrantal  Arch  extended  (or  a  Portion  thereof)  on  which  (as  Ordinates) 
are  eredcd  Perpendiculars  equal  to  the  Secants,  anfwering  to  the  refpeftive 
Points  of  the  Arch  fo  extended  :  The  leaft  of  which  (anfwering  to  the  E- 
quino6tial)  is  equal  to  the  Radius ;  and  the  reft  continually  increafmg,  till 
(at  the  Pole)  it  be  infinite, 

16.  So  that,  as  ERSL,  (a  Figure  of  Secants  erefted  at  right  Angles  on 
E  L,  the  Arch  of  Latitude  extended)  to  E  R  R  L,  (a  Redangle  on  the  fame 
Bafe,  whofe  Altitude  ER  is  equal  to  the  Radius ;)  fo  is  EL  (an  Arch  of  the 
Equator  equal  to  that  of  Latitude^)  to  the  Diftance  of  fuch  Parallel,  (in  the 
Chart)  from  the  Equator. 

17.  For  finding  this  Diftance,  anfwering  to  each  Degree  and  Minute  of 
Latitude^  Mr.  Wright  (as  the  moft  obvious  way)  adds  all  the  Secants  (as 
they  are  found  calculated  in  the  Trigonometrical  Canon)  from  the  Beginning 
to  the  Deg.  or  Min.  of  Latitude  proppfcd. 

18.  The  Sum  of  all  which,  except  the  greateft,  (anfwering  to  the  Figure 
infcribed)  is  too  little:  The  Sum  of  all,  except  the  leaft,  (anfwering  to  the 
circumfcribed)  is  too  great ;  (which  is  that  he  follows :)  And  it  would  be 
nearer  to  the  Truth  than  either,  if  (omitting  all  thefe)  we  take  the  Inter- 
mediates ;  for  Min.  t,  i^,  2|,  3i,  £*fr.  or  (the  double  of  thefe)  Mn.  r,  3, 
5,  7,  (^c.  Which  yet  (befcaufe  on  the  Convex-fide  of  the  Curve)  would  be 
fomewhat  too  little.  19.  But 
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^  19.  But  ^y  of  thefe  Ways  are  exaft  enough  for  Ifie  Ufe  inteddedf  as 
'  creating  no  fcnfible  Difference  in  die  Qbaft. 

20.  If  we  would  be  more  cxadb;  Mr.  Ougbtrtd  direfts^  (and  fo  had  Mfc 
fyrigbt  done  before  him)  to  divide  the  Arch  ihto  Parts  yet  faialler  than  Mi- 
nutses,  and  calculate  Secanti  fuiting  thereunto. 

21.  Since  the  Ariibmttkk  of  lf$nites  introduced^  and  (in  purfuancc  there* 
of)  the  Doftrine  of  InfiHitt  Series^  (for  fuch  Cafes  as  would  not»  without 
them,  come  to  a  determinate  Proportion  •,)  Methods  hire  been  found  for 
fquaring  fome  fuch  Fibres. 

F    107.  22.  In  order  to  a  ^aulraiure  for  this  Figure  of  Secants  (by  an  infinite  Se- 

'^'      '     ries  fitted  thereunto)  put  We,  for  the  Radius  of  a  Cihrlc^  R ;  the  Right  Sine 

of  an  Arch  oi-  Angle^  S;  the  verfed  Sine,  V  j  the  Co-Sine,  (or  Sine  of  the 

Complement)  2:  =r  R  -*-  V  an  V  R?  —  Sj ;  the  Secant,  /i    the  Tangent, 

T. 

23.  Then  is  2 :  R : :  R :  /    That  is,  t)  R*  (/=—  r  the  Secant, 

24.  And  2 :  $  : : R  :  r.    That  is,  2;j.Sll  ( T=  ~  i  the  Tangent. 

Ki-aio.  25.    Now,  if  we  fuppofc  the  Radhis  CP^  divided  into  equal  Parts,  and 

each  of  them  =  75^4  k  \)  and  on  thefe^  to  be  erefted  the  Co-Sines  of  Lati- 
tude LA.  '  ..  ,   X 

26.  Then  are  the  Sints  of  Latitude  irt  Mithmerical  Frogreilion. 

2  7.  And  the  Secants  anfwering  thereunto,  L/=  -^-^ 

28.  But  thefe  Secants,  (anfwering  to  the  Right  SinfcS  In  Arthemetical  JVo- 
^feflion,)  ^re  not  thofe  that  ftand  at  equal  Diftancies  oti  tht  Quadk^tal 
Arch  ejttehded.     Fig.  209. 

^    29.  But,  (landing  at  unequal  Diftances  (on  the  ftme  extended   Arch;) 
Namely,  on  thofe  Points  thereof,  whofe  right  Sines  (whilft  it  was  a  Curve) 
are  in  Arithmetical  Prbgfeffion.     As  Fi^.  21  i. 
^i'  *"•  30.  To  find  therefore  the  Magnitude  of  R  E  L/,  Fig.  209.     which  is  the 

fame  with  that  of  -Rg.  2  i  i ,  (fuppofing  fe  L  of  the  fame  Length  in  both ; 
however  the  Number  of  Secants  therein  may  be  unequal)  we  are  to  confider 
the  Secants,  tho*  at  unequal  Diftances,  Fig.  211,  to  be  the  fame  with 
thofe  of  equal  Diftances,  in  Fig.  210.  anfwering  to  Sines  in  Arithmetical 
Progreffion. 

31.  Now,  thefe  Intervals,  (or  Portions  of  the  Bafe)in  Fig.  211.  are  the 
fame  with  the  intercepted  Arches,  (or  Portionis  of  the  Arch)  in  Fig.  210. 
For  thi5  Bafe  is  but  that  Arch  extended. 

32.  And  thefe  Arches,  (in  Parts  Infinitely  fmall)  are  to  be  reputed  equiva- 
lent to  the  Portions  of  their  refpedtive  Tangents  intercepted  between  the 
fame  Ordinatcs.     As  in  Fig.  210,  212. 

Fii.  aia.  33.  That  is  equivalent  to  the  Portions  of  the  Tangents  of  Latitude, 

34.  And  thefe  Portions  of  Tangents  are  to  the  equal  Intervals  in  the  Bafe, 
as  the  Tangent  (of  Latitude)  to  its  Sine. 

35.  To 
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35-  To  find  thefefore  the  true  Magnitude  of  the  Parallelograms,  or  Seg- 
ments of  the  Figure  -,  we  muft  either  protraft  the  Equ^  Segments  of  the 
Bafe,  Fig.  210.  (in  fuch  Proportion  as  arc  the  rpfpedive  T^ngeats  to  the 
Sine)  to  make  them  Equal  to  thofe  of  Fig.  211. 

36.  Or  elfe,  (which  is  equivalent)  retaining  the  equal  IntervilB  of  Fig. 
210,  protraft  the  Secants  in  the  fame  Proportion.  (For  either  way  the  In- 
tercepted Redsflgle,  or  Parallelograms  will  be  equally  increafed)  as  LM. 
Fig.  212.  " 

37.  Namely,  as  the  Sine  (of  Lafftudc)to  it3  Tangents  ;  fo  is  tl^  Secant,    f/x.  ai»- 
to  a  Fourth;  which  is  to  ftand  (on  the  Raciius  equally  divided)  inftead  of 

that  Secant. 

S:§«(  =  :r  =  R.)::^,,   «lg:_^,=LM. 

38.  Which  th^fore  are  as  the  Ordinates  in  (what  I  call  JrifB.  It^n.  Fropi 
104.)  Reciproca  ^ecundanorum :  Sppppfing  Z*  to  be  Squares  in  the  Order  of 
Secundans. 

39.  This  (bocaufe  of  2;*  =  R*  — S*;  and  the  Sines  S,  in  Arithmetical 
Progreffion)  js  Reduced  (by  Divifion)  into  this  Infinite  Series  : 

40.  That  is,  (putting  R=  I,)  i-|-S*+S*-l-S%  C^c. 

41.  Then,,  according  to  the  ^itbmtick  of  IiffiniUSj  wc  ^re  to  interpret 
S,  fucceflively  by  j  S,  2  S,  3  S,  ^c.  till  wc  CQwe  to  S,  the  gre^ft.  Which 
therefore  reprefents  the  Number  of  all. 

And,  becaufe  the  firft  Member  doth  reprefent  a  Series  of  Equals,  the 
fecond  of  Secundans  ;  the  third  of  Qyartans,  (^c.  Therefore  the  firft  Meni- 
ber  •  is  to  be  multiplied  by  S  •,  the  iecond  by  i  S  ;  the  third  by  7  S  j  th? 
fourth  by  t  S  J  fcfr. 

43.  Which  makes  the  Aggregate,  S-[-|S'-J.tS^^-;.S7.h^SS  fsfr, 
=  ECLM. 

44.  This,  (becaufe  S  is  always  lefs  than  R=i)  may  be  fo  far  continued, 
till  fome  Power  of  S  become  fo  fmall,  as  that  it  (and  all  which  follow  it) 
may  be  fafely  negledted. 

45-  Now,  (to  fit  this  to  the  Sea-Cbart^  according  tp  Mr.  fFrigk^s  Defjgn) 
having  the  propofed  Parallel  (of  Latitude)  given  5  we  ait  to  find  (by  the 
Trigonometrical  Canon)  the  Sine  of  fuch  Latitude  ;  and  take  Equal  to  it,  C  L. 
==S.  And  by  this  find  the  Magnitude  ^  ^CLH^  Fig.  zi2.  that  is,  of 
REL/,  Fig.  211,  that  is,  of  REL/,  Fig.  209.  And  then,  as  RRLE  (pr 
fo  many  times  the  .Radius)  to.  RElly;  (ithe  Aggregate  of  all  the  Secants  -,) 
fo  muft  be  a  lil:e  Arch  of  the  Equatcw:  (^qjual  to  the  Latitude  propofed^) 
to  the  Diftance  of  fuch  Parallel,  (repfefenting  the  Latif ude  in  tlie  Qh^t)  from 
the  Equator :  Which  is  thp  Tiling  rpquirecL 

46.  The  fame  may  be  obtained  in  hke  manner,  by  taking  the  verfed  Sines 
in  Arithmetical  Progreffion.  For,  if  the  right  Sines  (as  here^  beginning  at 
theJEquator,  be  in  Arithmetical  Progreffion,  as,  i,  2,  3.  Gc.    Then  will 

^  the 
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the  verfcd  Sines,  beginning  at  the  Pde^  (as  being  their  Compfements  to  thr 
Radius)  be  fo  alfo. 

47.  The  fame  may  be  applied  in  like  Manner,  (tho*  that  be  not  the 
prelent  Bufmefs)  to  the  Aggregate  of  Tangents^  anfwering  to  the  Arch  di- 
vided into  equal  Parts. 

SR 

48.  For  thofe  anfwering  to  the  Radius  fo  divided  are  — -  5   (taking  S  in 

it 

Arithmetical  Progreffion.) 

49.  And  then  inlarging  the  Bafe  (as  in  Fig.  211.)  or  the  Tangent  (as 
in  Fig.  2 1 2.)  in  Proportion  of  the  Tangent  to  the  Sine ; 

.        S:££(::l:R)::i£:Sf-S«-. 

2  '^         Z        2:*       K*— S* 

50.  We  have  by  Divifion  this  Series,  ^+iri+g4+g;5+jp  ^^* 

51.  That  is,  (putting  R=i)S+S'+S*+S7+S%  &?r. 

52.  Which  (multiplyingtberefpeftive  Members  by  4S,  ^3,4*  -JS,  i^S, 
efO  becomes  iS^  +  iS^  +  ^S^  +  iS'+'Ti^S^  &?^. 

Which  is  the  Aggregate  of  Tangents  to  the  Arch  whofe  right  Sine  is  S. 
53-  And  this  M^od  may  be  a  Pattern  for  the  likePw^yTin  other  C^es 
of  like  Nature. 

Tmrr^tmhi  •    XXXVII.  The  Line  of  Artificial  Tangents^  or  the  JLogaritbrnicd  Tof^M 

^/l?^i&rr'"-^^^  beginning  at  45%  and  taking  every  half  Deg.  for  a  whole  one,  is 

Nich.  Mercator.  found,  to  agree  pretty  near  with  the  A^riaian-Line  of  the  Sea-Cbarl^  they 

jift.  AnWiij^.  ^^  growing,  as  it  were,  after  the  fame  proportion.    But  the  Table  of 

Meridional  Degrees  being  calculated  only  to  every  fex^gefimal  Minute  of  a 

Degree,  Ihews  fome  fmall  Difference  n-om  the  faid  Logaritbmical  TangerU- 

line.    Hence  it  may  be  doubted,  whether  the  Difference  do  hot  arife  from 

that  little  Error  which  is  committed  by  calculating  the  Table  of  MeriHond 

Degrees  only  to  every  Minute. 

But,  if  a  certain  Rule  could  be  produced,  by  which  the  Agreement  or 
Difagrcement  of  the  faid  two  Lines  might  be  fhewn,  the  Helix  or  Spiral 
Line  of  the  Ship's  Omrfe  would  be  reduced  to  a  more  precife  ExaAnefs 
than  ever  was  pretended  by  any. 

The  fame  Rule  would  alfo  difcover  a  far  eafier  way  of  making  hogarithmSj 
than  ever  was  praftifed  or  known ;  and  therefore  might  ferve,  whenever 
there  fhould  be  Occafion,  to  extend  the  Logarithms  beyond  the  number  of 
Places  that  are  yet  extant. 

Moreover,  fuch  a  Rule  would  enable  Men  to  draw  the  Meridian  Um 
Geometrically,  that  is,  without  Tables  or  Scales  ;  which  indeed  might  alfo 
be  done  bv  fetting  of  the  Secants  of  every  whole  or  half  Degree,  if  there 
were  not  tnis  Inconveniency  in  it,  which  is  not  in  my  .Rule :  That  a  Line 
compofed  of  fo  many  fmall  Parts,  would  be  fubjeft  to  many  Errors,  clpe- 
cially  in  a  fmall  Compafs, 

3  TJ« 


(  i77  ) 

The  fame  Rule  will  atfo  ferve  to  find  the  Cowfi}  4nd  Dift^ce  betweeir 
two  Places  affigned,  as  far  as  Pta^ce  fliall  require  xt  i  and  that  without  any 
Table  of  Meridiond  Parts^  and  yet  with  as  much  £afe  and  £xa£tnefs. 

And,  feeing  all  thefe  tilings  do  depend  on  the  Splution  of  thi$  Queftion, 
Whether  the  Artifiiid  Tangent  Line  he  the  true  Meridian  Line  %  it  is  therefore 
that  I  undertake,  by  God's  Affiftance,  to  refoive  the  iaid  Qyei^ion.  And,  to 
let  the  World  know  the  Readineis  and  Confidence  \  have  to  a^aHcegood  this 
Undertaking,  I  am  willing  to  lay  a  Wag^r  againft  any  one  or  i^ore  Perfons 
that  have  a  Mind  to  engage,  for  fib  much  as  another  Invention  of  v^^n^ 
(which  is  of  lefs  Subdlty,  but  of  a  far  greater  Benefit  to  the  Fublick)  may 
be  worth  to  the  Inventor. 

As  for  the  great  Advantage,  that  all  Merchants^  Mariners,  and  confcquently 
the  Cmmon-W^edtby  may  receive  from  this  oditi  J^enH99%  itiiiJn  .my  Ji^dgr 
ment,  highly  valuable,  feeing  it  will  oftentimes  make  a  Ship  fail^.ttv^*,  ac-: 
cording  to  the  common  way  of  Sdlbig^  the  Wind  be  quite  contrary,  and  yet 
as  near  to  the  Place  intended,  as  if  the  Wind  Jhad  bpen  J&vourgble:  Or,  if 
you  will,  it  will  enable  one  to  ^in  fomcthing  in  the  intended  Way,  whether 
the  Wind  be  good  or  no,  (excefJt  only  when  you  godireftly  South  or  JVbr/i) 
but  the  Advantage  will  be  moft  where  there  is  moft  need  of  it,  thpt  is,  when 
this  Wind  is  ccmtntty :  fo  that  one  may  very  often  gain  a  fifth,  fourth,  third  \ 
Attt,  or  more  of  the  intended  Voyage,  according  as  it  is  longer  or  ihorter^ 
fute.  always  more  in  a  longer  Voyage,  wfaerethe  Gain  is  moreconfiderable, 
and  more  welcome,  AOt  only  by  faving  Time,  hut  alfoVii^yit^,  Wateri 
Fuel,  Mens  Heakh^  and  fo  much  Roomin  ^Smf^ 

XXXVIII.  b  was  fir  ft  diibovered  by  chance,  and^  as  far  at  I  can  iearn^  rw  jinaug,  «f 
firft  pubftlked  by  Mr.  Heafy  Bond  as  an  Addidon  to  N^tPHiod's  Epltomf  ofNa-  K'*'^*^, 
vigationy  about  50  Years  fince,  that. the  Meridiw  Line  was  anakgpusto  a  5^^«r«<i*"  t-wie 
9f  Legarifhmkk  Taf^ents  ofba^ibe  Compliaenis  i^tbe  Latituiei,  i^lT  Edm  / 

For  the  DemonftratioA  of  chat  J^niofition^  icisrequifite.toptpiiHlethpfe">"«y' "-^i^ 
four  Lemmata.  1696. 

Lemma  i.  In  she  Sureograpinek  ProjtOion.^,  the  sphere  upon  the  Pkmeofthe 
'^^noSiid^  the  Diftanc^sfrom  the  Centre,  wj&ich  iotiais  Cafe  is  the  Folic,  ^rv 
laid  down  by  the  tangems  of  baif  thofe  Diftmces  s  that  is,  of  half  CJbe  Comple- 
ments  of  the  Latitudes.    This  is  evident  from  End.  3.  20* 

Lemma  ^*  In  theSteroographiek  FroftBion^  the  jhigks^  undsr  wbkb  the  Circles 
interfeSt  each  other ^  are  in  aU  Cafes  t^  to  the  Spbericd^  Mgies  they  reprefent ; 
which  is  a  vefy  valuable  Property  of  this  Projesftion. 

J>emonfi.  Let  EPBL  be  any  great  Cirde  qi  the  Sphere,  £  the  Eye  placed  1^.  ai;. 
In  its  Cifcum<ei«nce ;  C  its  Center,  P  any  Point. thereof ;  aad  tet  FC  O  fee 
fuppofed  a  Plane  ereftedat  Right  Angles  to  the  Cirde  £PBL^  o»  which 
j^CO  we  defign  the  Sphere  to  be  projeAed.  Draw  £ P  ciofik^  the  PW 
FCO  in  /s  ahd  ?  fliail  be  the  P<»nt  P  projefted.  To  the  Point  P  draw  the 
Tmgenc  At^,  and  ^cii  any  Pobic  thereof,  as  A ,  sred  a  Perpeodiculair  A^9 
at  right  Angles  to  the  Plane  EPBL,  and  draw  the  Lines  PD,  AC,  DC.mio4 
Ae  Angle  APD  fhall  be  equal  to  the  Spherical  Angle  contained  between  the 

Vol.  I.  £  e  e  e  Planes 
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Planes  APC,  DPC.  Draw  alfo  AE,  DE,  interfeaing  the  Plane  FCO  in  the 
Points  a  and^;  and  join  ad^  pd:  I  fay,  the  Triangle  adp^is  fimilar  to 
the  Triangle  ADP  5  and  the  Angle apd equal  to  the  Angle  JAPD.  Draw 
PL,AK,  Parallel  to  F  O ;  and,  by  reafon  of  the  Parallels,  ap  will  be  to  a  d^ 
as  A  K,  to  AD:  But,  (by  Eucl  3.  32.)  in  the  Triangle  AKP,  the  Angle 
AKP=LPE,  is  alfo  equal  to  APK=;:EPG :  wherefore  the  Sides  AK,  AP^ 
are  equal  •,  and  'twill  be,  2&apxxya  dy  fo  AP  to  AD.  Whence  the  Angles 
DAP,  dapy  being  right,  the  Angle  APD  will  be  equal  to  the  Angle  tf^i/; 
that  is,  the  Spherical  Angle  is  equal  to  that  on  the  ProjeSm^  and  that  m  all 
Cafes.     Q,E.D. 

This  Lemma  I  lately  received  from  Mr.  Ab.  de  Moivre^  tho*  I  fince  un- 
derftand  from  Dr.  Hook^  that  he  long  ago  produced  the  fame  thing  before 
the  Society.  However,  the  Beuun^ration^  and  the  reft  of  the  Difcourfe  is 
my  own. 

Lemma.  3.  On  the  Globe^  the  Rhumb  Lines  ntake  equal  Angles  with  every 

Meridian^  and,  by  the  foregoing  Lemma,  they  muft  likewife  make  e^aal 

Angles  with  the  Msridians  in  the  Stereograpbick  Projeilian  an  the  Plane  of  the  £- 

quator :  They  are  therefore  in  that  Prye£liony  Proportional  Spirals  ^ut  the 

Pole  Point 

mg%i^  Lemma  4.  In  the  Porportional  Spiral  it  is  a  known  Property^  thai  the  Axr 

gles  BPC,  or  the  Arches  BD,  are  Exponents  of  the  Rationes  of  BP  to  PC:  For, 

if  the  Arch  BD  be  divided  into  innumerable  equal  parts.  Right  Lines  drawn 

from  them  to  the  Center  P,  fhall  divide  the  Curve  BccC  into  an  Infinity 

of  Proportionals  between  PD  and  PC,  whofc  number  is  equal  to  all  the  Points 

d^dj  in  the  Arch  BD :  Whence,  and  by  what  I  have  delivered  concerning 

the  ConJiruSHon  of  Logarithms^  it  follows,  thai,  as  BD  to  &/,  or,  as  the  Angle 

«w.  imf.  Cap.  1.  BPC,  to  the  Angle  BP  r,  fo  is  the  Logarithm  of  the  Ratio  of  PB  to  PC,  to 

SXJCviu.      ^j^g  Logarithm  of  the  Ratio  of  PBto  P  c. 

From  thefe  Lemmata  our  Propofition  is  very  clearly  Benumftraied:  For,  by 
the  Firjiy  PB,  Pf  ,PC,  are  the  Tangents  of  half  the  Complements  of  the  Leti- 
.  tudes  in  the  Stereographick  ProjeElion :  And,  by  the  Z4/?  of  them,  the  Diflfe- 
rences  of  Longitude,  or  Angles  at  the  Pole  between  them,  are  Logariibms  of 
the  Rationes  of  thofe  Tangents  one  to  the  other.  But  the  Nautical  MeridioM 
line  is  no  more  than  a  Table  of  the  Longitudes^  anfwering  to  each  Minute  of 
Latitude  on  the  Rhumb  Une^  making  an  Angle  of  45  Degrees  with  die  Aferr- 
dian.  Wherefore,  the  Meridian  Lane  is  no  other  than  a  Scale  of  Logaritbmick 
Tangents  of  the  Half  Complements  of  the  Latitudes.    C^E.  D. 

Corol  I.  Becauie  that  in  every  Point  of  any  Rbumh  Line^  the  Difference 
of  Latitudes  is  to  the  Departure^  as  the  Radius  to  the  Tangent  of  the  Angle 
that  Rhumb  makes  with  the  Meridian ;  and  thofe  equal  Departures  are  every 
where  to  the  Differences  of  Longitude^  as  the  Radius  to  the  Secant  of  the  La- 
titude ^  it  follows,  that  the  Differences  of  Longitude  are,  on  any  Rhumb^  Logari^ 
rithms  of  the  fame  Tangents,  but  of  differing  Species;  being  proportioned 
to  one  another,  as  are  the  Tangents  of  the  Angles  made  with  the  Meri- 
dian. 

CotqU  20 
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C^d.  a.  Hence  any  Scale  oF  Logarithm  Tangents  (as  thofe  of  the  vulgar 
Tables  made  after  Briggs^s  Form  5  or  thofe  made  to  Napier%  or  any  other 
Form  whatfoever)  is  a  Table  of  the  Differences  of  Longitude,  to  the  feveral 
Latitudes,  upon  fome  determinate  iRi&«»»^  or  other:  And  therefore.  As  the 
Tangent  of  the  Angle  of  fuch  Rhumb,  to  the  Tangent  of  any  other  Rhumb  y 
fo  the  difference  of  the  Logarithms  of  any  two  Tangents,  to  the  difference 
of  Longitude  on  the  propofed  Rhumb,  intercepted  between  the  two  lati- 
tudes, of  whofe  half  Complements  you  took  the  Logarithm  Tangents. 

Now  the  momentary  Augment^  or  Fluxion  of  the  Tangent- Line  at  45  Degrees,  ' 
is  cxadlly  double  to  the  Flmon  of  the  Arch  of  the  Circle,  (as  may  caffly  be 
proved)  and  the  Tangent  of  45*  being  equal  to  the  Radius,  the  Fluxion  alfo 
of  tht  Logarithm  Tangent  will  be  double  to  that  of  the  Arch,  if  the  Logarithm 
be  ofJNapier^s  Form :  But,  for  Briggs^s  Form,  it  will  be  as  the  fame  doubled 
Arch  multiplied  into  0,5^429,  fe?f.  or  divided  by  2,36258,  fc?r.  yet  this 
muft  be  undcrftood  only  ot  the  Addition  of  an  indivifible  Arch>  for  it  ceafe^ 
to  be  true,  if  the  Arch  have  any  determinate  Magnitude. 

Hence  it  appears,  that,  if  one  Minute  be  fuppofed  Urtity,  the  Length  of 
the  Archof  one  Minute  being  0,000290888208065721596154,  &c,  in  parts 
of  the  Radius,  the  Proportion  will  be  as  Unity  to  ^,908882,  t5?5f.  S^  Radius 
to  the  Tangent  of  71*  i'  42",  whofe  Logarithm  is  10,4637^611720718- 
•  325204,  £sfr,  and  under  that  Angle  is  the  MtridiminterfefleahjxhdX  Rhumbs 
liney  on  which  the  Differences  of  Napier*s  Logarithm  Tangents  of  the  THtalf 
Complements  of  the  Latitudes  are  the  true  Differences  of  Longitude,  efti- 
mated  in  Minutes  and  Parts,  taking  the  firft  4  Hgures  Tor  Integers/  But 
for  yiacq's  Table,  we  muft  fay. 

As  2302585,  £5?^^  to  2908882,  &€.  fo  Radius  to  1,2633 114387 t44r 
569212,  fcff.  which  is  the  Tangent  of  51**  38"  9",  and  itsLogaothm  lObich 
1510428507720941 162,  ^c.  Wherefore  in  the  Rbumb4ine^  which  makes  an 
Angle  of  51*  38' 9"  with  the  Meridian,  Vlacq^%  Logarithm  Tangents  are  the 
true  Differences  of  Longitude.  ^  And  this,  compared  with  our  fecond  Corolla- 
ry ^  may  fuffice  for  the  Ufe  of  the  Tables  already  computed.  -    - 

But,  if  a  Table  of  Logarithm  Tangents  be  made  by.ExtradUon  of  the  Root  of 
the  infinitetb  Power ^  whofe  Index  is  the  Length  of  the  Arch  you  put  for  Un^- 
ty,  (as  for  the  Minutes  the  0,000^908882/^,  (f?c.  Power)  which  we  will  call  a ; 
fuch  a  Scale  of  Tangents  fhall  be  the  true  Meridian  Line^^  or  Sum  of  all  the 
Secants  taken  infinitely  many.     Here  the  Reader  is  defired  to  have  Recourfe  ilt-^yiSi 
to  my  little  Treatife  of  Logarithms^  that  I  may. not  need  to  repeat  it.    By  * 
what  is  there  delivered  it  will  follow,  that  putting  t  for  the  Excefs  or  De- 
feft  of  any  Tangent  above  or  under  the  Radms  or  Tangfent  of  45"* :  the  Z^- 
garithm  ot  the  Ratio  of  Radius  to  fuch  Tangent  will  be      '  - 

i  into  /  —  t/*  +1  /  J  —  i  /  *  +  i/5,  &c. 
m 

when  the  Arch  is  greater  than  45%  or 

iinto/  +  4  /*  +7  / »  +  i  /♦+  i  S  &c, 
m 

Eeee  2  when 
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when  it  is  lefs  than  45**.    And  by  the  fame  Doftrinc  putting  T  for  the 
Tangent  of  any  Arch,  and  t  for  the  Difference  thereof  frona  the  Tapgent  of 

another. Arch,  the  Logarithm  of  their  Ratio  will  be  —  irtto -^+ 


// 


m         T'   zTT 

-^ i^^^,».«^4._^,    ^<r,   when   T  is  *the  greater    Term  j    Or, 

3  T'   .4  T*^  5  T 

^  into  4^—  ^ "^^""Tt^  "^  JT5*  '^'^  ''^^^  "T  is  Ae  lefler 
•rerm. 

And,  if /^  Be  fuppofcd,  0,0002^88 82^  G?^.  =«,  its  reciprocal—  will  be 

3437>74677^784^9^526^  tsfr*  which  multiplied  into  the  aforefaid  Series 

ihall  give  precifely  the  difference  of  the  Meridional  Parts  between  die 

two  L^tkydefi,  to  whofe  half  Cooiplements  the  aflUmed  Tangents  belong. 

Nor  is  it  material  fi<>m  whether  Pole  you  eftimate  the  Complements,  Wic- 

'  ther  the  deviated  or^eprefied;  the  Tangents  being  to  one  another  in  the 

'  fame  RiUi(^^  as  their  Complements,  but  inverted. 

In  the  faiAe  Difeourfe  I  alfo  Viewed,  that  the.  Series  may  be  made  to  con- 
verge -twice  69  ^wift,  all  the  evm  Powers  being  omitted ;  and  that  putting  r 

for  die  Sum  di-  the  two  Tai^ents,  die  f»ne  Logarithm  wooid  be  ^or  ^ 

into  i+-iL+ J1.+ J!L+ JI3,  6?f.  but  die  Rado  of  r  to  A  or  of  the 

Sum  of  two  Tangents  to  their  Difference,  i$  the  fame  as  that  of  the 
-Sine  of  the  Siam  c*  the  Arches,  to  the  Sine  of  their  Differeace.  WhereftHT, 
if  S  be  put  for  the  Sine  Complement  of  the  middle  LatimUy  ^nd  s  for  die 

Sine  of  half  the  Difference  of  Latitudes^  the  fame  S^w  will  be  —  into  4- 

+  — ;s-T  +  — rrt  H-T-rr^  A — «^»  ^^'  wherein,  as  the  Differences  of  La- 
.3  b'       5  f>*       75^98* 

titiide  are  fmaller,  fewer  Steps  will  fuffice.    And,  if  the  E^uaUr  l»e  pot 

^  for  the  middle  Latitude,  and  confequendy  S=R,  and  s  the  Sin€  of  tiie 

Latitude^  the  Meridimal  Parts  reckoned  from  the  Equator  will  be  —  -|- 

jS  j5  j7 

nisxzxvi.  "        +  — r-  +  — s— >  ^^-  ''^hich  is  co-incident  with  Dr.  ff^alli^s  Sok^ 
i^Ta      S^^a       yra 

,  ttinu    And  this  faoie  Scries^  being  half  the  Logarithm  of  the  Ratio  of  R+x 

to  R — s^  that  is  of  the  ver fed  Sines  of  the  Diftances  from  both  Poles,  does 

agree  widx  what  Dr.  Barrm  had  Ihcwn  in  his  XL  Uaure. 

The 
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The  ftme  Raio  of  r  to  t  may  be  cxpreffed  alfo  by  that  of  the  Sum  of 
the  Co-fines  of  the  two  Latitudes^  to  the  Sine  of  their  Difference  :  As  like- 
vife  by  that  of  the  Sine  of  the  Sum  of  the  two  Latitudes^  to  -die  Di^erence 
bf  their  Co-fines :  Or  by  that  of  the  verfid  Sine  of  the  Sum  of  the  Co-lMi'- 
iudei,  to  die  Difference  of  the  Sines  of  die  Latitudes :  Or  «s  the  fmie  Differ- 
icnce  of  the  Sines  of  the  Latititdesy  iso  the  wrj/^i  5m^  of  the  Difference  of  the 
Latitudes^  all  wiikrh  are  in  the  fame  Raii^  of  die  Co-fine  of  the  middle  LaH^ 
tude^  to  the  Sine  of  half  the  DiflFereoce  of  the  Latitudes.  As  it  werejeafy  t<> 
demonftrate,  if  the  Reader  were  not  fuppofed  capjible  to  do  it  himfelf,  up- 
on the  bare  InJ|)e6lion  of  a  Scheme  duly  reprefenting  thefe  JL^ines. 

This  variety  of  Expreffion  of  the  fame  Ratio  1  thought  not  fit  to  be  omit- 
ted, becaufe  by  help  of  the  Ratiomfiiiy  of  iktSimes  of  3o^  in  all  Cafe^ 
wher€  the  Sum  or  i>iffej»cnce  of  the  Latitudes  k  30%  6o%  ,90°,  I20^  or 
150*"^  ioBkt  one  of  them  wiU  «hii>it  a  fimple  iS^r^^i,  whcxeifli  great  Part  ctf 
the  Labour  will  be  faved.  Q^ijt  the  fpuwer  ieqEHS  f^  a]l  Uies  the  moft  con^ 
venicnt,  whether  we  .defign  to  make  the  whole  Meridian-UneSy  or  any  Part 

tiiereof,  viz.  IL  into  ±+^1+ jL+4-,+  -49'  ^^-    Wherein  a  is  the 
<J      '    S  '  gS^     5S*    70''    9^^ 

Lei^th  of  any  Arch,  which  you  defigi;!  ihail  be  the  Integer  or  Umty  in 

your  Meridional  Parts  (whether  k  be  ^  Minute,  Lle^^g^€  or  a  Degree,  or 

jmy  other)  S  the  Co-fme  of  the  Middk  iMitude^  apd  s  the  Sine  of  half  .the 

Difference  of  Latitudes ;  but,  the  Secants  being  the'lElfidiiirQCals  of  jChe  Co-£ine 

L  will  be  equal  to ''—  putting  /  for  the  Secant  of  the  ^^ddle  Latitude  >  and 

H  into  1  will  be  =  5^.     This  multiplied  by  -^^  that  is  hj  -^^^, 
a  S  r a  3  S5  3  rrr  r 

win  give  the  fecond  Step  ^  and  that  again  by  llllL^  die  third  Step  ^  ar^ 

fo  forward  till  you  have  compleated  as  m^y  Places  as  you  delire.  But,  the 
Squares  of  the  Sines  being  in  the  fame  Ratio  with  .the  verfed  Sines  of  the  dou- 
ble Arches,  we  may  inftead  of  — «^affume  for  our  Multiplicator  .«-^  pr  the 

verfcd  Sine  of  the  Difference  of  the  Latitudes  divided  by  thrice  the  verfed 
Sine  of  the  Sum  of  the  Co-Latitudes^  &c.  which  is  the  utmoft  Compendit^ 

1  can  think  of  for  this  Purpofe ;  and  the  fame  Series  will  become  iJS.  into  % 

aS 

+  ^r  1   '"^7^+  \tA — T7I-    Hereby  we  are  enabled  to  eftimate  t^xe  Dc- 
3  V     5  V*    7  V^     9  V*  , 

fault  of  the  Method  of  making  the  Meridional  Line,  by  the  continual 
Addition  of  die  Secants  of   cqui-different  Arches;    which,  as  the  Dif- 
ferences of  thofe  Arches  are   imaller,  doesfiiU  nearer  and  nearer  ap- 
proach 
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proach  the  Truth.  If  we  aflume,  as  Mr.  TFrigbt  did,  the  Arch  of  one 
Minute  to  be  Unity,  and  one  Minute  to  be  the  comm<m  Difference  of  a 
Rank  of  Arches ;  it  wHl  be  in  all  Cafes,  as  the  Arch  of  one  Minute  to  its 
Chord,  fo  the  Secant  of  the  middle  Latitude  to  the  firft  Step  of  our  Sc- 
ries. This  by  Reafon  of  the  near  Equality  between  a  and  ^  ^,  which  are  to 
one  another  in  the  jR^//^  of  Unity  to  1—0,00000000352566457713,  ^c. 
will  not  differ  from  the  Secant^  but  in  the  ^tb  Figure  •,  being  Ids  than  it 

in  that  Proportion.    The  next  Step  being  +  V      will  be  equal  to  the 

Cube  of  the  Secant  of  the  middle  Latitude  multiplied  into  ^'^^^=0,0000- 

3arr 

0000705 1 329087 1 5  ;  which  therefore,  unlefs  the  Secant  exceed  ten  Times 

Radius,  can  never  amount  to  i  in  the  fifth  Place.     Thefe  two  Steps  fut 

fice  to  make  the  Meridian  Line^  or  Logarithm  Tangent^  to  far  more  Places 

than  any  of  natural  Secants  yet  extant,   are  computed  to  5  but,  if  the 

third  Step  be  required,  it  will  be  found  to  be  +/j  into  — L^  =0,00000- 

0000000000089498  ;  by  all  which  it  appears  that  Mr.  Wrigbf^  Table  does 
no  where  exceed  the  true  Meridian  Parts  by  fully  half  a  Minute ;  which  fmall 
Difference  arifes  by  his  having  added  continually  the  Secants  i',  2',  3',  GV. 
inftead  of  ot',  It  >  ^i\  3t  5  ^^*  But,  as  it  is,  it  is  abundantly  fufficient  for 
Nautical  Ufcs.  That  in  Sir  Jonas  Moor"^  New  Syjlem  of  the  Matbematicks  is 
much  nearer  the  Truth  5  but  the  Difference  from  Wright  is  fcarce  fenfible, 
till  you  exceed  thofe  Latitudes  where  Navigation  ceafes  to  be  practicable ;  the 
one  exceeding  the  Truth  about  half  a  Minute,  the  other  being  a  very  fmall 
Matter  deficient  therefrom. 

For  an  Exaniple  eafy  to  be  imitated  by  whofo  pleafes,  I  have  added  the 
true  Meridional  Farts  to  the  firft  and  laft  Minutes  of  the  Quadrant. 

The  Firfl  Minute^  1,00000001410265862 178, 

The  Secondy 2,00000005641063806707. 

The  Lafl^  or  80*  59'.  30374,9634311414228643,  and  not  32348, 
5279,  as  Mr.  Wright  has  it,  by  the  Addition  of  the  Secants  of  every  whole 
.  Minute :  Nor  20249,8,  as  Mr.  Oughtred*s  Rule  makes  it,  by  adding  the  Se- 
cants of  every  half  Minute.  Nor  30364,3,  as  Sir  Jonas  Moor  had  conclu- 
ded it  by  I  know  not  what  Method,  tho*  in  the  reft  of  his  Table  he  fol- 
lows 0»/^/r^rf. 

The  feme  may  be  deduced  independently  from  the  Jrcb  itfelf.  For  if  the 
Latitude  from  tne  Equator  be  eftimated  by  the  Length  of  its  Ar^b  A^  Ra- 
dius being  Unity,  and  the  Jrch  put  for  an  Integer  be  ^,  as  before  5  the  Me- 
ridional Parts  anfwering  to  that  Latitude  will  be  i  into  A,  +i  A^+—  A*  + 

a  6        24 

I 


fe  A^or  iJjA^+iinA'arJllljjA*,  fc?r.  which  convcrga  much  fwiftcr 

than  any  of  the  former  Series^  and  befides  has  the  Advantage  of  A  in- 
crcafing  in  Arithmetical  Progreffion  5  which  would  be  of  great  Eafe  if  any 
jhould  undertake  de  novo  to  make  the  iJogarithm  Tangents,  or  the  Meridian^ 
Une  to  any  more  Places  than  now  we  have  them  ;  the  Logarithm  Tangent 
to  the  Arch  of  45°  +t  A  being  no  other  than  the  aforefaid  Series  A  + 
4  A'+  A  A%  Gfr.  in  N^ier^s  Form,  or  the  lame  multiplied  into  0,43429, 
6fr.  for  Briggs^s. 

But,  becaufe  all  thefe  Series  towards  the  latter  End  of  the  (^adrant  do 
cmverge  exceeding  flowly,  fo  as  to  render  this  Method  almoft  ufelefs,  or  at 
Icaft  very  tedious :  It  will  be  convenient  to  apply  fome  other  Arts,  by  affu* 
ming  the  Secants  of  fome  intermediate  Latitudes ;  and  you  may  for  i,  or  the 
Sim  of  IT,  the  Arch  of  half  the  Difference  of  Latitudes,  fubflitute  a— ^  a}  4- 
•tha^-^rvjpseP '\"Tix%r^a\  &fr.  according  to  Mr.  Newioffs  Rule  for  giv- 
ing the  Sine  from  the  ^cb ;  and,  if  ^  be  no  more  than  a  Degree,  a  very 
few  Steps  will  fuilice  for  all  the  Accuracy  that  can  be  defired. 

And,  if  tf  be  commenfurable  to  tf,  that  is,  if  it  be  a  cert^n  Number  of 

thofe  Arches  which  you  make  your  Integer,  then  will  f  be  that  Number|» 
which  if  we  call  ff,  the  Parts  of  the  Meridional  line  will  be  found  to  be 


:^into   < 

r 


S^t       5^1      7^1 
aa      ffa*      /♦«*    ,, 

-677- V-^  ^'' 


jta*     ,13/^ 


•  >.• 


In  this  the  firft  two  Steps  are  generally  fuffident  for  naudcal  Ufes,  efpecially 
when  [neither  of  the  Latitudes  exceed  60  Degrees,  and  the  Differences  of 
Latitudes  do  not  pafs  30  Degrees. 

To  conclude,  1  fhall  only  add,  that  Unity  htingRadiuSy  the  Co-fine  of  the 
Arch  A,  according  to  the  lame  Rules  ot  Mr-  Newton^  will  be  i  —  1  A  * 


+  £Al-i.AM 


4O}l0 


(^c.    from 


which  and  the 
former 
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fwmer  Strhs  exhilnting  the  Sine,  by  the  Afdl^,  bf  ^Dmfiooit  is.eafy  t<» 
cdttclude,  thatthe  hdtutal  TmgM  to  the  Arch  AisA  +  -iA»4-  ~A^ 
+  IL  A^  -I-  4i-  A9,  ^c.  and  the  »^r^/  5^rtf«/  to  the  fame  Arch  i  4. 
i  A*  +  ^  A*  4^  ii^  A*  +  2«L  A',  &e.     Arid   frofti  the  Jrkhmnkk  rf 

Ihfiriiresy  the  Number  of  thefe  Secants  being  the  Arch  A,  it  follows,  thit  the 
Sum  total  of  all  the  Infimte  Secants  on  that  ArcA  rs  A  +^  A»  -f  i  A* 
4.  Jl^  A7  4-  ipL  A^,  6?f ,  the  which,  by  what  foregoes,  is  the  Logarithm 
Tangent  of  Napier^ s  Form,  For  the  Arch  of  45'*4-  i  A,  before. 
".  AndColkfHng  the  infinite  Sum  of  zHtht  naiural  Tangents  on  die  Cud 

Arch  A,  thet^  will  arlfc  iA  A  +  ^^  A*  +  i  A*^4t  §;  A»  +  tfe»  ''^*^ 

(^c.  which  wiU  be  found  to  be  the  Logarithm  of  the  Secant  of  the  laine 
Arch  A. 

njbathVM'       XXXIX.  The  Height  of  the  Pole,  and  the  S«»*s  Defcliriation  being 

JJJJj^ffjfj^^.  known,  a  large  Ring-Dial,  truly  wrought,  having  a  Box  with  a  Compafs  or 

iy . . . .  n.  14.  '  Needle  fixt  to  its  Meridian  below,  may  go  as  ne,ar  as  any  other  Inftrument* 

1667!'^^'^'^°'^^  fliew  the  Variation  of  the  Needle  at  Si&. '  Fo'rri^iii^  it  is  fet  to  thejuft 

Hour  and  Minute  of  the  Day,  the  Meridian  of  it  Hands  juft  in  its  due 

Place ;  and  fo  fhews  how  far  the  iV«v&  rarics  from  it,  as  exaftly  as  the 

Largenefs  of  the  Card  will  permit. 

But,  becaufe  thefe  Dials  are  fo  rarely  jufl:,  &Y  '  tho*  they  may  be  ufed 
and  taken  notice  of,  yet  they  are  not  toJbe  relied  on.  The  Thing  Aerefore 
is  to  be  performed,  asfoUowtthc  '-      ^ 

Find  out  the  Sun^s  Jzimutbal  dift^nct  from  the  Meridian  fom^  Hours  be- 
fore or  after  Noon,  and  then  its  nu^gnetical  Azimutby  or  diltance  from  the 
Meridian  pointed  at  by  the  Neddk  \  and  the  diflference  of  thofe  two  diftanccs 
is  the  variation  of  the  Needle. 

To  find  the  5a»*s  true  Azimutb^  or  by  how  many  Degrees,  6?/  of  the 
HDrisu^  it  is  tiiftant  from  the  Meridian:  Its  .Declination,  its  Altitude,  and 
the  Elevation  of  the  Pole,  mutt  all  three  be  known ;  and  thence  the  true  A- 
zimulb  may  beeafily  calculated.  The'  true  Azimuth  cf  the  Sun  being  thus 
foMt^  and  ^ht^nufgnetkalAzimutb  of  it,,  according  to  your  NeeSe^  being  ob- 
fervcd,  fubtrad  the  Icffer  number  from  the  greater,  and  the  Remander  '  ; 
the  Variation  of  the  NeedU.  If  ,the  Magneticd  Azimuth  be  left  than  the  - 
ther,  then  the  Variation  is  tbwirds  t^e  Aine  ffde  rfthe  Meridian,  where  1.  : 
'Sm  \6^  if  greater,  on  the  otter. 

2  1  » 
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To  obfcrve  the  Sun^^  4zimuib  by  the  NeeJk^  and  the  NeeJl^^  Vtriation^ 
to  Degrees,  any  Needle  long  enough  to  afibrd  upon  a  Card  under  it  a  Circfe 
divided  into  Degrees,  put  into  a  Iquare  Box,  after  the  ordinary  manner  of 
CUnatories^  will  ferve  turn ;  by  placing  the  Box  fo,  as  the  Sun  may  fliine  up- 
on any  two  oppofite  fides  or  it,  at  die  fame  time  when  the  Sun's  Hdghr, 
&c.  are  taken.  For  then  the  NeedW^  Diftance  from  the  Diameter  o\  the 
Circle  on  the  Card,  that  is  parallel  to  thofe  Sides,  is  the  Magnettck  Azimutb 
required. 

The  fame  may  be  done  with  an  ordinary  Sea-Cmpafs^  fo  it  have  a  Circle 
towards  the  Limb  of  the  Card,  divided  mto  degrees,  by  faftnin^  a  fmall 
Thread,  Lute-ftring  or  Wire  (not  of  Iron)  fo  upon  it,  as  to  pafs  luft  over  ' 

the  Centre  of  that  Circle ;  and  placing  a  ftr^t  Piece  of  Wood  or  Brafe-wire 
perpendicular  on  the  Edge  of  the  Box  at  the  end  of  the  Thread,  and  turning 
it  to  the  Sun  till  the  Shadow  of  it  fall  juft  upon  the  Thread :  Then  obfervc 
what  Degrees  of  the  Circle  on  the  Card  the  Thread  cuts,  by  looking  plum 
upon  it  i  and  that  is  the  Sun's  Magnetical  Azimutb. 

But  to  have  the  Variation  to  Degrees  and  Minutes^  (which  is  moft  defireable) 
then  the  Obfervation  laft  mentioned  mud  be  made  with  a  ^adrant^  JSexfant^ 
or  fome  fuch  other  Inftrument,  fo  large  as  to  admit  of  the  Divifion  of  a 
Degree  into  Minutes :  which  will  require  the  Radius  to  be  about  3  Foot  j  the  • 
larger  the  better.  If  a  ^jfadrant ;  then,  it  being  laid  flat,  and  the  fquare  Box 
with  the  Needle  placed  u|)on  it,  move  the  Quadrant  to  and  aeain,  till  that  fide 
of  it,  on  which  the  Box  is  placed,  lie  parallel  to  the  Needk  when  at  quiet : 
Then  the  Sight  of  the  S^uadrant  being  (lid  along  the  Limb  of  it,  till  die  Sun 
fhine  on  both  its  fides  at  the  fame  time,  the  Mid-line,  that  divides  equals 
ly  the  Sight,  when  the  Sun  fhines  upon  it  through  the  Slit,  wll  mark  the 
Degree  and  Minute  of  the  Sun^^  Magnetical  Azimutb.  All  which  is  eafy  to  be 
put  in  Pradtice. 

To  find  this  Variation  by  the  Stars,  is  fo  eafy,  that  every  Matter  can 
do  it. 

XL.  It  is  a  received  Error,  in  the  Praflice  of  obferving  the  Variation  ztjeCmUmfi^ 
Sea^  to  take  it  by  the  Amplitude  of  the  Rijing  and  Setting  Sun^  when  his  Cen-  viSlSiilt  $«•  i 
tre  appears  in  the  Vifible  Horizon,  whereas  he  ought  to  be  obferved  whengj^-wm. 
his  under-Limb  is  ftill  above  the  Horizon  about  ^  of  his  Diameter,  or  20^  j77.'oa.'A»- 
Minutes,  upon  the  Score  of  the  RefraSion^  and  the  Height  of  the  Eye  of^  ^$*- 
the  Obferver  above  the  Surface  of  the  Sea :  Or  clfe  they  are  to  work  the  Am- 
plitude as  they  do  the  Azimutb^  reckoning  the  Sun*%  Dift.  from  the  Zenitb 

90^  36'. 

This,  though  it  be  of  little  Confequence  near  the  Equinoftial,  will  make 
a  great  Error  in  High  Latittides^  where  the  Sun  rifes  and  fcts  obliquely. 

XLI.  The  Latitudes  of  the  Uzard  and  Scilly^  are  laid  down  too  izx^CMOmf 
Northerly  by  near  5  Leagues :  For,  from  undoubted-  Obfervation,  die  I^-^^^lJj^ 
zardY\t%  in  49°  ss\  the  middle  of  Scilly  due  fVeft  therefrom,  and  the  South  Cteoneii  h    ^ 
Part  thereof  nearcft  49"   50'.     Whereas  in   moft  Charts  and  Books  of fj; J^^^'  °* 

Vol.  I.  F  f  f  f  iVa-NoT.Anii.i70». 
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N'avigatm  they  are  laid  down  to  the  Northward  of  50%  and  in  fome  full 
50^  iq\  Nor  was  this  without  a  good  Effcft,  as  long  as  the  Variation  con- 
tinued Eajterfyy  as  it  was  when  the  Charts  were  made.  But  fince  it  is  become 
confiderably  Wejierfy^  (as  it  has  been  ever  fince  the  Year  1657.)  and  is  at 
prefent  about  j  is  Beg.  all  Ships  Handing  in,  out  of  the  Ocean,  Ecfi  by  the 
CompafSy  go  two  thirds  of  a  Point  to  the  Northward  of  their  true  Courfe,  and 
in  every  80  Miles  they  fail,  alter  their  Latitude  about  10'.  So  that  if  they  mifs 
an  Obfervation  for  two  or  three  Days,  and  do  not  allow  for  this  yariation^ 
they  fail  not  to  fall  to  the  Northward  of  dieir  Expeftation,  cfpccially  if  they 
xccKon  Scilly  in  above  50%  and  to  run  up  the  ^rifiol  Cbarmelj  not  without 
great  Danger  of  all,  and  the  Lofs  of  many  of  them.  This  has  been  by  fome 
attributed  to  the  Indraught  of  St.  George* s  Channel:  But,  the  Variation  being 
allowed,  it  hath  been  found,  that  the  faid  Indraught  is  not  fenfible.  It  is 
therefore  recommended  to  all  Mafters  of  Ships,  that  they  ftecr  two  Watches 
E.  by  S.  for  one  E.  which  will  exadtly  keep  their  Parallel  5  as  alfo,  that  they 
come  in,  out  of  the  Sea,  on  a  Parallel  not  more  Nortberfy^  than  49''  40  ^ 
which  will  bring  them  fair  by  the  Lizard. 

XLII.  Papers  of  Lefs  General  Ufe,  omitted. 

PeodQiam  Wit-     Mr.  Oldenburg  having  pubKflied  from  Journal  de  ScavanSj  an  Account  of  M. 
So;S//i-''  /figjf^s  Portable  Watches,  Dr.  Hookj  in  the  Poflfcript  to  his  Defiription  ofHe- 
Ctp.y.siaJv.liqfcopesy  compl^s  of  it,  for  not  having  taken  Notice,  ^Chat  this  Inveifiiou 
wasfirft  found  out  hy  an  ^gUfhman,  and  long  fince  puUiJhed  to  the  World.    To 
n.  las.  p.  710.  this  Nfr  •  Oldenburg  anfwers,  by  relating  the  Plain  Truth  of  the  Matter :  Where- 
••ia9*f*749*  uponDr.Hook^  in  a  Poflfcript  to  his  Lampus,  further  complains,  and  re^ 
fledson  Mr.  Oldenburg*  s  Integrity  and  Faithfulnefs  in  his  Management  of  the 
InteUigence  of  the  Royal  Society.  This  gave  Occafion  to  the  Council  of  that  So* 
,.  ciety  to  declare.  That  Mr.  Oldenburg  had  carried  bimfelf  Paitbfulfy  and  Ho^ 
nefily^  and  given  no  juft  Caufe  offucb  RefleSions :  To  which  Mr.  Oldenburg  adds 
Part  of  a  Letter  from  Mr.  Hitfgens  to  him.  Offering  {if  Mr.  Oldenburg  be- 
lieves a  Patent  in  England  might  be  worth  fometbin^  all  he  might  there  pretend  to. 
So  that  if  Mr.  Oldenburgh  had  a  Defire  to  take  out  a  Patent,  it  was  for  no 
other  Contrivance  than  Mn  Huygen*s* 

XLIIL  Account  of  Books  and  Emendations  OBiitted. 

•.^31.^.  670.       1.  Volumen  trimum  Geographorum  Gr.  Minorum.    Oxon  in  8w. 

m.  131.^.  671.    '  2.  DiofQfii  Pcriegefes,  Grsece  &  Latine,  cum  Scholiis  Gr.  tam  Editis  quam 

Ine^itis.     Cura  Ed^^.  ThwaitSy  M.  A.  Oxon.  in  Svo. 
••9«-#^5i7».       3-  Bernhardt  Vareniy  M.  D.  GeographiaGtDiex2Xi%\  audta  &  illuftrata  ab 

Ifaaca  Newtono^  R,  S,  S.  Cantak  1672.  in  Zvo. 
>.  »3t,  f.  666.      4.  Pbilippi  Quverii  Introdu6lio  in  Univeifam  Geograpbiam^  tam  Vetcrem 

quam  Novam :  Tabulis  Geograpbicis  j^6.  ac  Notis  olim  ornata,  a  Joanne  Bu- 

none ;  jam  vero  locupletata  Additamentis  &  Aiuiotationibus  Jo.  Brid.  Hekelii 

U  Jo.  Rttxjkii.    jimji.  1697.  in  4/^ 

3  5.  Geo: 
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5*  Geography  Anatombfd ;  cr  a  Compleat  Geographical  Grammar.    Being  a »•  */^» ^  3U« 
ihort  and  exaft  Anatjjis  of  the  whole  Body  of  Modern  Geography^  after  a 
New  and  Curious  Method  5    by  Pat.  Gordon^  M.  A.  F-  R,  S.     The  Second 
Edition. 

6.  An  Account  of  the  Meafure  of  a  Degree  of  a  Great  Grcle  of  the  £<?r/i& ;  m  m.  ^  »^i. 
by  M.  Picart.  Pans.  1 671.  /%/•  Tranflated  into  Engli/h ;  by  Mr;  ff^aller,  R.  S.  jj;  "♦;^;  J^|; 
J^^.  Z.tf»i,  1687.     7i&/V  Book  is  here  abrid^dj  and  the  Sum  of  i be  whole  amounts 
infhort  to  thiSj  M.  Picart  meafured  on  a  Plain  and  ftraight  Ground  a  fpace  of 
5662  Toifcs,  to  ferve  for  the  frftBsJisio  divers  Triangles 'y  by  which  he  hath 
€oncluded  the  Length  of  a  Meridian  Line  equivalent  to  a  Degree  of  Ladtudem.  nc.^.  4%4. 
to  be  57060  Toifes  or  Fathoms,  that  is^  28i  Leagues  and  60  Toifes. 
•  '7.  The  Seaman- aPradJce;  byMn  Richard  Norwood^  Lond.  i6%6.vx^tSL 
The  Mea/kre  of  a  Degree  is  here  extraSedfrom  that  Book.  Mr.  Norwood,  An^ 
16^5.  having  aSfiofff  meafured^  far  the  moJiPart^t be H^^^^ 
emd  bafuing  obferved  the  Meri£an  jStitudes  rf  the  Sun  in  both  Places^  he  f  ohm 
tbd  ViScrdacc  of  Latitude /^  Af  20""  28',  Md  the  IMznct  of  tbeirVk^ach 
905751  Englilh  Feet ;  and  therefore  one  De^iee  of  a  Great  Circle  is,  36719^ 
J^eet^  or  Numero  Rotunda  367200  Feet^  which  is  equal  to  69I  Engliiltmilei^ 
imd  14  Poits^  Whereas  the  French  make  it  nomore  thim  ^65006  JaebFe^t.    1 

8.  Longitude  found  ;  hf  Hen.  Bmdy  Sem  Lad.  'i€j6..iH4t^.JMifiaki».9f'f'Mf. 
imihat:Baokisben£ornff§i  .    i- ' ..  ,   .  .»-'3o.f.77*. 

q.  A  Book  publilhedbyMr.7(7.  Moxon^  defqnS&tffzmwtan'^ 
reraial  Globes,  invented  by  the  E.  of  Cajllemin.  p.  4i. 

10.  ThtEnglifb  AOas.Oxfotd^  UxMofts  Pitt.  tfXo^BA,  . .  l\^^^'^ 

X  I.  A  New  Map  of  i£nrs^  iuU  6  Foot  Square^  wfaereia  Ompntei  pAmtis^h^^] 
Meafured  Mites  are  entered  inr  Figures ;  bfVk.y9.jidatns.  :  ,1 .   j    -  • 

uz^  A  large  and  curious  Map  of  Great  "^artary  yjgf  M»  Nkh.  Wltfim.      ^  >9f•^  ¥P^\ 


.        .  .  /'  -r, 
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CHAP.    VIII. 

ArcbiteSure.    Sbip-Building. 

maamfirfir     I.    t'M  A  H  E  R E  IS  a  fort  6f  grey  Free/tone  at  Paris ^  every  where  on  the 

^^ff^*  ^     •  I       South  fide  of  the  River  5W«,  which  is  of  a  reaionable  coarie 

n.'9}.V'  ^'ro.  JL    '  Greet,  and  fo  foft  when  firft  taken  out  of  the  Quarry ^  that  *^ 

ji^r.An.  1673.  jj,^^  ^^^  Yivmi  with  broad  fliarp  Axes,  almoft  as  eafily  as  dried  Clay,  but 

grows  Harder  and  harder  in  the  Air ;  'tis  very  durable,  and  exceeding  fit  for 

BuMf^.    The  Portland  Stone  is  of  a  fine  Chalky  Greet,  fit  for  alt  curious 

hewn  and  carved  Wdrk,  tho*  not  fit  for  Water  or  Fire    On  the  contrary, 

the  Frufimt  in  Kunt^  of  a  wfaitifh  grey  Colour,  lalb..wQll  in  Air  and  Water ; 

the  Greet  thereof  lefs;  fine  and  chalky  than  that  of  Portland.    The  Derb^irt 

'  Freefione^  tho*  it  endure  the  fierceft  Fire,  is  yet  .brittle,  and  fo  unfit  for  fine 

andcvttiou&Workmanlhip.      ,     .  \ 

fuckiiu i»i ^  n.  I.  Take  thie^tfain  cleft  Stone,  Shrt:  or  Shindle,  and  fo  knodc  it  againft 
^np.^skip  any  lotrd  Matter,  as  to  make  it  yield  a  Sound  ;  if  the  Sound  be  good  and 
M^^'^Mr.  clear,  that  fort  of  Stone  is  not  craiy^  but  firm  and  j^ood.  Or, 
tajH  c^f^itiiv  2,v.!(  in  hewing  it  c^oes  not  break  before  the  Edge  of  the  SeSs^  (the  Hew- 
-AH^'I^iUlf.  ing  Inftrument  of  the  Slaters)  you  may  not  much  doubt  of  the  Firmneis  of 
the  Slate.    But, 

^.  If  after  it  hath  been  exa£Uy  weighed  (and  the  Accompt  thereof  laid  by) 
it  be  put,  and  for  2,  4,  or  8  Hours  left  to  remain  all  under  Water  in  a 
Veflel ;  and  afterward  taken  up  and  wiped  very  clean  with  Cloths,  if  then 
It  weigh  more  than  before,  'tis  of  that  kind  wliich  imbibes  Water,  and  ther^ 
fore  notift  fit  to  endure  any  confiderat)Je  time  without  rotting  the  Lathes 
and  Timber. 

4.  Thefe  Stones  may  be  pretty  well  guefled  at,  whether  they  be  of  a 
clofe  or  loofe  Texture,  by  their  Colour :  For  the  over  blackifh  Blue  is  apteft 
to  take  in  Water ;  but  the  lighter  Blue  is  always  the  firmeft  and  clofeft. 
To  which  may  be  added  the  Touch ;  for  a  good  Stone  feels  ibmewhat 
hard  and  rough ;  whereas  an  open  Stone  feels  very  finooth,  and  as  it  were 
Oily. 

5*  J^lace  your  Stone  long-ways  perpendlcylar  in  the  midft  of  a  Veflel  of 
Water,  (ho  matter  how  fliallow  the  Water  be,  fo  it  exceed  half  a  Foot 
dn>th ;)  and  be  fure^  the  upper  un-immerfed  Part  of  the  Stone  be  not  ac- 
ctaentally  wetted  by  the  Hand,  or  otherwife ;  and  fo  let  it  remain  a  Day» 
or  half  a  Day,  or  leis.    If  it  be  a  good  firm  Scone^  it  will  not  draw  (as  they 

fpeak) 
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fpeak)  Water  more  than  half  an  Inch  above  the  Level  of  the  Water,  and  that 

perhaps  but  at  the  Edges  only,  the  Parts  of  which  might  be  fomewhat 

foofened  in  the  Hewuig.    But  a  bad  Stone  will  draw  Water  up  to  the  very 

top,  be  the  Stone  as  long  as  it  will,  all  over. 

As  for  the  Charge  of  covering  Houfes  with  Slate,  they  may  be  thus  com* 

puted.  s.    d,^ 

lood  of  Efford Small  Bhie  at  the  Ship's  fide  in  Pfynmtb  Harbour  —5    6 

looo  of  Efford  Large  Blue         ■ ■      9    9    . 

1000  of  dm  Pelmel  y    o 

1 000  of  SmaU  Blue  of  other  Quarries  '  ■■  '  »  ■    4    o 

loob  of  Large  Blue  ——.———_— _^8    q 

3000  of  Small  Bke^  accompted  two  Tuns  in  Carriage  by  Water. 

1000  of  Large  Bke^  i  Tun. 

3000  of  Small  will  cover  t  Pole  of  Work  at  the  5  Pin  Plain. 

Every  Pole  of  Work  is  either  6  Foot  broad  and  14  up,  on  both  ndes,  or 

x68  Foot  in  Length,  and  one  in  Breadth. 
3000  of  Large^  will  cover  two  Poles  of  Plain  Work. 
/fra^/»;of^  forts  of  plain  Pelmelper  looo   ■"  ■■  — "^— ■  ■■  ■—  x     6 

Pimrif^  per  1000, 8  d.  Pins  per  looo:  8  d.  —  —  ■  — « 1    4 

Three  Bufhels  (^M^^Me^ure)  of  good  Ume^  will  take  6  Bufliels  of 

freCb  Water  Sand,  and  ferve  to  lay  on  one  Pole  of  work  \  tho*  much 

lefs  may  ferve  the  Turn. 

300  of  Lathes  to-  every  Pole  of  Woric. 
1000  of  Lathe  Nail  to  every  300  of  Lathes. 

r  Lath  one  P^/^  of  Work  ) 

C  PJn  4000  J 

Cbequer-work  con^^  in  Angles,  Circles,  and  Semicircles,  &r,  which  re* 
'  quire  no  common  Skill  and  Time  in  hewing  and  laying. 

It  b  worthy  Obfervation,  That,  if  a  fide  Wall  happen  to  take  Wet  by^the 
beating  of  the  Weather,  cur  the  like,  when  nothing /clfe  will  cure  it,  our 
Kirf^ng  with  Slate  (which  is  much  ufed  in  the  carious  Fronts  of  Houfos, 
efpeciallv  In  Towns)  will  quickly  remedy  it. 

'We  have  Tome  forts,  which  by  the  Conjeftures  of  the  more  experienced 
BeUkrsy  (or  Covefers  with  Slate),  have  continued  on  Houfes.  feveral  Hun- 
-.drtds  of  Years,  and  yet  as  firm  as  when  firft  put  up. 

III.  The  Cufiom  oipelUt^  Ttmbir  here  in  the  South  of  England^  diflFers  f^^^^^^Zi 
that  of  Sta^or^btre  in  the  Time  of  Fellings  and  M^ner  of  Barkiug.    It  is  Pel-  £,  %tr!7^ 
led  here  in  t|ie  t^ajf ,  as  foon  as  the  Sap  is  found  to  be  fully  up,  by  .the  Trees  ^^^^  t;^**j^ 
putting  out,  and  thtn  Barked  sAcr  theTrees  are  proftrate,  the  Sap  yet  remain- ti^i, 
ing  in  the  Bodies  of  them :  Whereas  there  it  is  firft  Bark*dy  (m  the  Spring  as 
J^)  but  before  it  is  Felled^  the  Trees  yet  living  and  ftanding  all  the  Summer ^ 
ts^tiotFeMtaXLi^io]ky^Zm9t^ 

\    '  \         '        ^  /^'^      '  i  V--..      '.In 
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In  the  SpriHg  Section,  and  fome  time  after,  all  Trees  are  pr^pant  and  fpend 
themfelves  (as  Animals  do  in  their  refpedive  Offi^rings)  ib  the  Produdtioa 
of  Leaves  and  Fruits*  and  fp  become  weaker  than  at  other  times  in  the  Year  % 
their  Cavities  and  Pores  being  then  turgid  with  Juices,  or  Sap,  which  (the 
Trees  being  felled  at  that  time)  0;ill  remain  in  the  Fores,  haying  no  manner 
of  Means  of  being  otherwife  fpent,  and  there  putrefy  ;  not  only  leaving  the 
Tree  6»11  of  thofe  Cavities  which  render  the  ^mber  weak ;  but,  %dfy^  breed- 
ing a  Worm,  as  both  PUmj^  and  Mr*  Evelyn  te£kify,  that  will  fo  exceedingly 
prejudice  4t,  that  it  becomes  altogether  unfit  for  ibrong  Incumbencies,  or 
other  robuft  Ufes.  sdly,  AU  Timber  fdVd  at  this  Time  qf  the  Year,  whe- 
ther the  Jui€€S  putrify,  or  otherwife  fweatfordv  or  dry  away,  is  not  ofily 
fubjed  to  rift  and  gape,  but  will  ihrink  focoiifiderably»  that  a  Piece  of  luck 
Timlfer  of  a  Foot  fquare  will  ufually  fhrink  in  the  Breadth  ^  of  ^n  Inch ; 
than  which,  fays  V^eihLr^  nothoig  is  more  pernicious,  if  us'd  for  the  BuUr- 
dhgoi  Ships.  To  which,  4tf»if,  the  firft  andgreateft  Rmatk  Emperor,  Ju- 
lius Cafar^  adds,  that  tho'  Ship  may  be  m%le  of  fuch  moift  Timber,  felled 
in  the  Spring,  yet  they  will  cett^y  be  Slugg^,  not  near,  fo  good  Sailers  as 
Ships  made  c^  Timb^  felled  ktcr  in  the  Year* 

.  laaU^ whicj^  Ckcumftances,  I  find,  moft  of  the  Jfiti^tts.h  very  well  agice, 
dmt  none  o£  them  advife  the  felling  of  ?i««^,  for  any  fyn  of  Uie,  before 
jhoumn;  atfQQDeft  ;  others/not  tilL  the  Xcees.  We  bora  tHeir  Fruit  ^  whicfa^ 
fays  Ibeopbraftusj  muft  always  be  proportionably  later,  a^  the^"  Fruits  are  tipe 
later  in  the  Year.  A  third  fort,  not  till  Mii^ffd^^  ;  not  »M  Ncvmnbir^  fcys 
PaUadius,  nay,  not  till  the  Winter  Sfijftkij  &ya  the  wife  Qf^  i  aiKi  then  too  in 
the  Decreafe  oxH^ane  of  the  Mm^  between  the  x^tb  and  23  J  Day  of  her 
Age,  fays.  Vegetius^  or  rather^  according  lo  Gfilumeila^  between  the  zo/it  and 
the  New-MoeL  In  general,  fays  Tbeopbrvftusy  the  Oak  muft  be  fell'd  rcrj  hte 
in  the  Winter ^  not  till  December^  as  the  Emperor  Can/ianfine  PegonaOts  poii* 
tcvely afierts,  the Jk^^M  toa beiogthen under ^ Earth,  aa'tis  ferthe  nooft 
part  in  the  Day-time  in  the  firft  Fart  of  its  Decreafe.  And  the  &UuBg  oC 
Qaky&ti^  thofe  Limits  they.  taU  Temp^km  Qffimu  P^Hig  Tidier  in  &a- 
fin^  which  ^tlkry  all  unanimoudy  ^onounce  (tf*  thua  feUed}  will  neither 
ihrbk,  warp,  nor  cleave,,  nor  admit  of  Decaff,  in  many  Tears  ^  it  beipg 
tough  as  Horn^  and  the  whole  Tree  in  a,  maimer  C^s  TbeQpkf^nftus  afierts)  a« 
hard  andfirnxas  the  Hearts  widi  whom  atfb  agreeaour  Countryman  Mr. 
Exdpif^  sfvyou  fell  netp^/t  (&ys  he)  till  t|ie  Sap  19  in  Repofe,  as  'tis^  com- 
monly about  November  .and  Decemb^y  aftcf  the:  Froft  hasr  well  nipped  them^ 
the  very  Saplings  thus  cut  will  continue  without  Decay,  as  long  as  the  Heart 
of  the  TttCi  /  '  i 

Andthe.Reafon  o£  thia  is  giiren  in  ihort  by  yitrmtusi  fuia  J^  Hybow 
vis  centprimi^  eonfiUdafiJrMns^  hcczukth^Winfer  Air  docbcl^  she  Pcres^ 
and  fixcondleoufcndy  confUtdatos  all  Ttees,.  by  which  means^i  the  Oak^,  (ji$ 
he  and.  PJae^  both  dxprefs  it)*  will  acquire  a  fort  of  Eurni^  in  its.  Dur^on ; 
and  much.more  wiUkfo^H'  itbe  Bark'd  ia  the  Springs  and  left  flanding  all 
theSumioer^  csipodJedtatke^Snit  and  Wind,  asia  iii<Alin.^4^|^iif\4^  and  the 
adjacent  Countries  \  whereby  they  find,  ',by  long  Experience^  the  Trunks  of 

their 
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their  Trees  fo  dried  and  Juffdoi^d,  that  the  feppy  PiM  in  a  maimer,  be* 
comes  as  firm  and  durable  as  the  Heart  itfelf. 

Which  way  of  Barking  and  FeUingoi  Timier^  tho*  it  were  unknown  to  the 
Ancients  (as  perhaps  it  is  to  all  the  world  befides  thefe  few  Counties)  yet 
they  fecm  not  unacqumnted  with  the  Rationality  of  the  Pra<Mce,  The  great 
Vitruvitis  prefers  the  Timber  on  the  Soutb-JUe  the  Apemim  (where  it  winds  a- 
bout,  and  inclofcs  tnfcaip  and  Campama^  and  ftrongly  reflefts  the  conftant 
Heat  of  the  Sm  upon  it  as  it  were  from  a  Concave)  incomparably  before 
flat  which  grows  upon  the  N^tb^Jide  of  the  fame  Hill,  in  the  fliady  moift 
Grounds :  Of  which  his  Opinion  he  renders  us  this  Reafon,  for  that  the  Sun 
docs  not  only  lick  up  the  fupcrfluous  Moifture  of  the  Earthy  whence  the  Trees 
are  fupplied  in  fuch  fhady  Places  with  too  great  a  Quantity,  but  in  great 
meafure  exhales  the  remaining  Juices  (after  the  Produftion  of  Leaves  and 
Fruits)  out  of  the  Trees  themfeives,  rendering  the  Timber  of  them  the  more 
clofe,  fubftantial  and  durable ;  which  certainly  it  would  do  alfo  much  more 
cffeftually,  if  the  Bari,  were  taken  oflT  in  the  Spring  of  the  Year,  as  is  accuf- 
tomed  in  Staffor^^ty  where  the  People  are  content  to  ufe  this  Method  in 
their  Provifionof  Timber,  tho*  but  tor  private  Ufcs. 

Much  rather  then  fliould  it  be  done  in  fo  pubEck  a  Concern  as  the  Builds, 
ingof  Sbipy  were  tough  and  folid  Timber  is  much  moreneceflary  than  in 
oniinary  Buildings.  There  is  indeed  an  /iff  oi  Parliament y  i  Joe.  I.  Chop.  22. 
which  forbids  the  FeSing  of  Timber  for  ordinary  Ufes  (in  confidcration  of  the 
Tan)  at  any  other  time  but  between  the  ift  of  -4^'  and  the  laft  of  June^ 
when  the  Sap  is  up,  and  the  Bark  will  run ;  made  on  Suppofition,  (I  guefs) 
.  that  fhould  they  have  admitted  Felling  Timber  in  any  other  Seafon,  the  Tan^ 
ners  would  have  wanted  a  Supply  of  Bark.  To  which  I  readily  anfwer,  that  ^ 
I  fear  the  Legijlatars  that  prened  the  making  diat  Aft  were  ignorant  that  the  ' 
Bark  might  be  taken  off  in  the  Spring,  and  that  the  Tree  would  notwith- 
ftandiftg  live  and  flourifli  till  the  ^»/^  following,  as  I  have  fecn  many  in 
Staffari^re :  So  that  tho*  the  Tree  be  not  FeiPd  till  tlie  0^inter  Solftice^  of 
January  following,  yet  the  Tanner  is  not  at  all  defeated  of  his  Tan^  but  has  it 
here  in  as  due  Seafon,  as  in  any  of  the  Southern  Counties.  The  Legiflaiors^ 
I  fay,  were  ignorant  of  this,  othcrwife  they  would  never  have  made  an  Aft 
fo  pernicious  to  the  whole  Kingdom,  as  Felling  Timber  at  this  Seafon  is,  for 
the  fake  of  a  few  Tanners,  . 

But  notwithfbnding  this  Ignorance,  yet  then  they  were  fo  wife  as  to  except 
in  that  Aft  the  Timber  to  be  ufcd  in  building  of  Ships,  which  may  be 
Fellfd  in  Winter^  or  any  other  Time  ;  as  I  am  told  all  the  ancient  Timber  re- 
maining in  the  Royal  Sovereign  was,  it  being  ftill  fo  hard,  that  'tis  no  eafy 
matter  to  drive  a  Nail  into  it. 

'Tis  true  indeed,  that  the  barking  and  peeling  the  Trees  Handing  is  fomewhat 
more  troublefome,  and  therefore  fomewhat  more  chargeable,  than  when  they 
are  proftratc  ;  and  that  'tis  likely.  People  therefore  have  ufually  fell'd  their 
Timber,  as  well  for  Shipping  as  other  ufes,  in  the  Spring  of  the  Year,  for. the 
fake  of  the  more  eafy  and  che^  Barking  it  only,  rather  than  any  thing  elfe. 
*Tis  too  true,  that  Timber  is  harder  to  Fell  in  the  fFinter^  it  being  now  fo  com* 

paft; 
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paft  and  firm,  that  the  Ax  will  not  make  fo  great  ImprdEon  as  it  doth  in 
the  Springy  which  wiH  alfo  increafc  the  Price  ot  the  felling  fome  fmall  Mat- 
ter  and  its  Sawing  afterwards ;  but  how  inconfiderable  thefe  thmgs  are  ia 
comparifon  of  thfe  great  Good  of  this  manner  of  FeUing^  I  think  is  fclf-cni- 
dent. 

The  grcateft  Objcftion,  that  I  can  forcfec  will  be  urged  here  in  the  Somh 
againft  this  Praftice,  is,  that  if  the  Timber  be  not  felPd  till  Mid-winter^  or  Ji^ 
nuary^  where  it  «bws  in  Copfes  and  Woods^  they  cannot  perhaps  inclofe  their 
young'5/>r/f  J  fo  toon  as  fome  may  imagine  needful,  and  therefore  will  be 
backward  to  fell  their  Timber  (fo  crowing)  at  that  Seafon.  To  which  I 
anfwer.  That  the  Timber  fo  fell*d  in  Ivoods  or  Copfes  may  be  eafilv  carried 
off  before  the  fccond  Spring,  and  fo  the  Preiudicc  fmall,  and  the  fim  it  muft 
be  there,  wherever  it  is  feird.  But  Secondly^  That  which  will  quite  remove 
thisincpnfidcrable  Difficulty,  is,  that  perhaps  it  may  be  expedient  that  no 
Timber  wha^foever  growing  in  Woodi  or  Copfes^  be  at  all  bought  in  the  Kin^% 
Tards,  for  that  Timber  growing  in  fuch  Ihady  Places,  and  fo  fenced  fronci  die 
Sun  and  ff^nd^  as  Timbeir  in  ff^oodj  for  the  moft  part  is,  cannot  be  fo  good  as 
that  which  comes  from  an  expofed  Situation,  fuch  as  it  ufually  has  in  Farejis^ 
Parks  J  Hedge-rows^  and  open  Fields ;  whereto  it  is  indifferent  at  lead  if  not 
better  for  Ae  Proprietor,  that  it  be  fell'd  in  Winter^  (when  the  Grais  and 
Com  is  gone)  than  in  the  Spring  it  felf :  and  the  Officers  defigned  for  that 
purpofe  may  buy  all  their  Timber  under  fuch  Conditions  as  to  be  fellM  in 
Winter  J  cnioining  the  Proprietor,  to  take  off  the  Bark  in  the  Spring  in  due 
Time,  md^ing  mm  fome  fmall  Allowance  for  the  Trouble  he  will  have  i« 
peeling  it  (landing. 

Tkitfifirmii^     IV.  It  is  the  comnrion  Opinion,  That  Timber  which  is  fell'd  in  Wtuter^  is 

^"c^tfiet    ftr^^gcf  ^d  ^^'^^  lafting,  as  being  more  clofe  and  firm  than  that  which 

""HuFtir/oT*  is  fell'd  in  Summer :  But,  M.  Leuwenboek*s  Sentiment  is,  that  there  is  no  Dif- 

t  m*ai^m!  f^crence,  except  in  the  Bark^  and  outermoft  Ring  of  the  Wood,  which  in  the 

Letiweobtteic.  n!  Summer  are  fofter,  and  fo  more  eafily  pierced  by  the  Worm ;  Wood  confiding 

Anffin^  ^'  of  hollow  Pipes,  which  in  the  Summer  and  Winter  both,  are  full  of  Moifture, 

they  do  not  (brink  in  the  Winter^  and  therefore  the  Wood  cannot  be  clofer  at 

ortc  time  than  another,  for  otherwife  it  would  be  fiill  of  Cracks  and  Clefts. 

The  fudden  and  unexpefted  rotten  of  fome  Timber,  he  conceives  to  proceed 

from  fome  inward  Decay  in  the  Tree  before  it  was  fell'd ;  having  oofervcd 

all  Trees  to  begin  to  dccav  at  firft  in  the  Midft,  or  Heart  of  the  Tree, 

tiio'  poffibly  the  Tree  may  (tand  and  grow  for  near  an  Hundred  Years  aftcr- 

'^ards,  and  increafe  in  Bignefs  all  along. 

2,  He  fays,  he  was  once  of  Opinion,  that  Trees  growing  in  good  Ground, 
but  iiKTcafing  (lowly,  were  the  beft  and  ftrongeft  Timber  ;  and  that  tbofc 
Trees,  which  in  few  Years  grew  large  were  the  fofteft  and  brittleft  5  the 
contrary  to  which,  upon  Enquiry  of  experienced  Workmen,  he  found  to 
be  true,  and  inffances  of  an  Elm  of  80  Years  Growth,  whicli  was  1 1  Foot 
m  Circumference}  and  proved  excellent  tough  Timber. 

a  5.  Tbc 
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3.  The  Agt  of  7ru5  Is  to  be  known  by  the  Number  of  Rings  to  be  fcen 
when  the  l^ree  is  ciit  athwart,  in  each  of  which  Rings  is  one  Circle  of  krge 
open  Vipes ;  now  the  fewer  of  thefe  large  Tifes  the  ftronger  the  Timber  is : 
wherefore  byConfequcnce  thefe  Threes  that  make  the  largeft  Growth,  in  a  Year, 
muft  be  the  Clofer  and  ftronger,  and  therefore  thofe  Trees  tha/t  grow  in  warm 
Countries  grow  fafteft,  and  are  the  beft  and  tougheft  Timber  5  which  he 
confirms  by  Riga  and  Dantzick  Oak,  which  is  of  flow  Growth,  and  proves 
fpongy  and  brittle  limber^  whereas  the  contrary  is  obferveablc  in  Englijh  and 
French  Oak,  which  grows  fatter,  and  is  excellent  Timber. 

V.  I .  This  Famous  Roman  Bridge  at  Pont  St.  Efprity  is  very  crooked,  bow-  ^**  |?''^7' 
ing  in  many  Places,  and  making  feveral  unequal  Angles,  efpecially  in  thofe  F^nctfTirir. 
Places  where  the  Torrent  runs  ftrongeft,  as  where  the  Turret  ftands,  4.  In  '^^^J^^^  ^^'^ 
which  Place  the  Angle  is  moft  unequal,  and  the  greateft ;  the  Arches  are  very  ^.'^4.' 
wide,  and  have  their  Feet  fecured  by  two  Pedeftcds  that  encompafs  them.    *^'*'  *'^' 
Both  the  Pedeftals  have  their  feveral  Degrees  or  Ranks  of  Jettings  out,  like 
fo  many  Rows  of  Stairs  or  Steps,  the  lowermoft  Order  pufliing  out  moft, 
the  others  being  lefs,  and  going  gradually  more  in  ;  the  Second  or  uppermoft 
PedeRal  is  much  lefs  than  the  firft  or  lowermoft,  being  built  a  little  within 
its  Lines  of  Grcnmference ;  i,  2.  Between  the  great  Arches  xhttt  are  JVind<m5^ 
or,  (as  it  were)  im2M  Arches  \  3.  that  come  down  to  the  very  Plane  of  the 
fcCond,  or  uppermoft  Pedeftdl^  dividing  the  Feet  of  the  great  Arches.     From 
this  my  rude  Defcription  it  appears  to  me,  that  the  Romans  have  here  con- 
trived all  poliible  ways  to  brealk  gradually  the  mighty  Force  of  the  RbofnCy 
and  to  render  its  P^lTagd  eafy,  and  inoffcnfive  to  the  Feet  of  the  great  Arches  \ 
for  here  we  fee  fo  many  feveral  PaUfadoes  and  Sluices^  as  may  be  fufEcient  to 
defend  this  Wonderf\ii  Fabrick  againft  all  Storms  of  die  Tdrrent  %  the  feveral 
Ranks  of  Stairs  jetting  from  the  pedeftals  (for  the  mo&.  part  Triangularly 
built,  and  faced  well  with  Free-ftone)  oppofing  and  breaking  the  Stream  fe- 
verally,  1  mean,  not  all  together,  or  at  the  fame  time,  byreafon  of  their  vari- 
ous Inequalities  in  ftanding  out :  in  cafe  the  Flood  Ihould  fwell  fo  high  (as 
it  frequently  does)  as  to  cover  both  the  Pedeftals ^  then  the  fmall  Arches,  di- 
viding the  Feet  of  the  great  ones,  help  to  convey  the  Water  thro',  which 
other  wife  might  endanger  the  great  Arches. 

2.  That  which  feems  the  Foot  of  the  Arch  is  an  Horizontal  Arch  gradually  ^^  jp,.  Lj^er. 
contratfted,  every  Stone  being  of  vaft  Length  and  Wedge-like,  laid  level »•  s^j- 
with  the  V/ater.    This  1  fpiak  by  Menioly. 

3.  The  ftately  Mcdem  Bridge  at  Auignon  hath  yielded  in  many  Places  toCcmpared»ia$ 
the  extreme  Rapidity  and  Viojenceof  the  Rbofrih.  Its  Fail,  in  my  Opinion^  may  ?, idlest'' 
be  afcribed  to  three  Defers,  *   Firft,  It  was  not  fo  multangular,  as  tliat  at  h  Dt.  Tank. 
St.  Efprit :  Secondly,  it  wanted  in  thfee  or  four  Places,  the  little  Arches  di-a!']^-^^^^ 71%, 
viding  the  Feet  of  the  great  ones,  and  in  thofe  Parts  it  hath  fuffercd  moft ;  for 

where  thofe  ufeful  Sluices  are,  there  I  obferved  the  Bridge  to  ftand  ftill  the 

moft  intire.  Thirdly,  The  Pedeftals  {or  ^'s'^ou  very  properly  call  them  Hori^  • 

zontal  birches)  were  not  foGeometrically  and  exaftly  ^aid,  as  thofe  of  Pont  St. 

Efprit ;  their* Jetthigs  out  were  few,  and  they  not  gradually  contrafted  ;  fo 

that  the  Force  of  the  Stream  muft  be  greater  upon  the'  Fabrick. 

^   VoK,I.  Gggg  Tho- 
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'^Tho*  the  Tiber  be  not  fo  fwift  as  the  Rbo/ne,  yet  it  is  fubjeft  to  greater 
Inundations,  as  many  Infcriptions  affure .  us.  No  River  ever  had  fo  many 
Bridges  built  with  that  Magnificence  and  Art,  as  this  ;  and  tho'  they  were 
more  pompous  and  rich  in  rare  Stones,  in  Sculpture,  6f  r.  than  that  I  for- 
merly fent  you  a  Draught  of  from  Montpelier  •,  yet  they  had  the  like  Provifion 
for  their  Security  and  Prefervation,  and  their  Defign  was  much  the  fame  ; 
which  may  be  feen  at  Rome  this  very  Day  at  the  old  Pons  Mellius  (now  PonU 
Nolle)  near  the  Via  Flaminiay  in  the  Marble  Remains  of  the  Pons  ^milius^ 
■repaired  with  rich  Materials  by  Antoninus  Piusy  on  the  Side  of  the  Ripa,  or 
Trqfiavere,  near  the  Root  of  the  Aventine  Hill^  where  firft  the  Pons  Sublicius 
flood  i  as  alfo  in  the  Pons  Fabricius  and  the  Cejiius^  that  leads  over  to  the 
Infula  Ttberina  •,  in  all  which  there  are  ftill  very  fair  Marks  of  the  old  Roman 
Strufture  and  Defign  %  and  if  that  prodigious  City  had  not  been  knocked  fo 
oft  to  pieces  by  Barbarous  Backers^  we  might  have  had  ftill  as  clear  Proofs 
from  the  other  Bridges,  viz.  the  Pons  Triumphalisy  the  Senaeofiusy  &c.  But 
Gothijh  and  Northern  Torrents  broke  all  before  them* 

^Brijgc  wv*.      VL  A  Timber  Bridge  maybe  built  70  Foot  long,  or  fomewhat  more,  with- 

ZLuf'i^^'h      ^^^^^y  P^i^^  under  it,  which  may  be  ufeful  in  fome  Places  where  Pillars 

rktj^li^^Tj   cannot  be  conveniently  built,  after  this  manner;  AC,  and  BO  are  Beams 

IfcSoiTth^  28  Foot  long,  and  A  B  is  32  Foot  long.  Under  the  Angles  are  fet  two  large 

714.  °'  •  *  •'•  Braces y  E  L,  and  S  R,    At  each  end  is  a  Wall,  on  which  are  laid  two  Beams 

1^4.216.       gfj^  ^d  pj^^  ^^Y^  20  Foot  long ;  under  thefe  two  are  two  Braces  DE,  and 

RH.    There  may  alfo  be  Braces  at  the  End  of  the  Arches,  that   may  lie 

obliquely  crofs  the  Bridge.    It  may  belaid  with  Planks  and  Railed.   Behind 

the  Walls  are  Caufeys  FD,  and  AN.    The  Length  of  the  Bridge  CMO,  is 

70  Foot ;  in  the  Height  KM  is  19  Foot. 

Am  Aqoedoa  ^^^'  ''  '^^^  AqucduH  which  is  to  be  made  near  Maintenony  for  the  carry- 
«#jrverfauicf  ing  the  River  Bure  to  VerfaiUeSy  will  have  in  Length  7000  Fathom  ;  462 
SiayJ An."  IdS;!  wliereof  wiU  be  35  Fathom  and  4  Foot  high,  the  reft  will  be  lower,  accord- 
ing to  the  Diflference  of  the  Ground,  but  no  lefs  than  5  Foot  and  6  Inches 
high.  There  will  be  to  the  faid  AqueduSl  861  Arches y  which,  where  they  are 
higheft,  will  have  12  Fathom  in  Breadth,  and  8  Fathom  in  Thicknefs,  di- 
minifhing  to  14  Foot  at  the  Top.  The  other  Arches  will  be  leffer  in  Breadth 
as  well  as  Thicknefs,  according  to  the  Nature  of  the  Ground.  The  faid 
AqueduSi  will  have  15  Inches  Fall  to  every  Thoufand  Fathom  in  Length ;  lb 
that  for  the  7000  Fathom,  there  will  be  8  Foot  8  Inches  Fall.  The  River 
is  to  p^s  by  Maintenony  k  Pare  Efpernony  Gagerany  R/mbouillety  les  Bffars^  U 
Perrejy  CogniereSy  and  from  thence  to  VerfatUes.  There  are  14000  Soldiers 
that  work  there,  under  the  Command  of  the  Marquefs  d^UxelleSy  with  three 
Commiflaries  of  War  for  their  Condudb. 
fi- 17«.  ^  iao6.  2.  A  Magazine  for  the  Waters  upon  the  Mountain  Manthorony  is  already 
cut,  which  will  have  2200  Perches  of  Surface  (each.  Perch  being  8  French 
Foot)  and  1 2  Foot  in  Depth.  In  another  Place,  much  lower,  will  be  ano- 
ther Magazine  J  to  receive  the  Waters  of  many  Pools^  the  moft  part  of  which, 

as 
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as  yet  'have  no  Water  in  them.  In  the  Valley  of  Bmc  will  be  an  Aquedua^ 
the;  Middle  whereof  ^yill  be  mfed  2^  Fathom  high,  for  conveying  the 
Pools  of  Sarkj  which,  it*s  faid,  contain.much;  Water,  tiio*  there  be  nothing 
but  Rain  to*  fill  them.  This  Aquedu8  is  306  Fathom  long,  and  pafles  thro* 
two  Mountains  which  have  been  cut  thro'  upon  that  Account.  The 
Valley  alfo  on  both  fides  of  ^'^AqufiinaXt  raifed  11.  Fathom  high,  to  make 
Fafiages. 

An  AqueduSi  is  alfo  making  near  the  Tower  of  Slcne^  where  the  Mills  raife 
the  Water,  which  will  now  p^s  without  Force  to  the.Top  of  .the  Moun- 
tain: and  there  be  part  of  itdiftributed  into  feveral  great  Cifi^ns^  which 
arc  making  about  Marli  for  that  Place. 

The  Elevation  of  the  Aqueduii  of  Mai^enon  is  now  fet  forth  at  but  2560     » 
Fathom ;  whereas  it  was  defigned  to  be  carried  on  more  than  8000  Fa- 
thom, and  the  Remainder  will  be  made  of  Earth,  which  muft  be  brought 
thither;  this  Opinion  prevails,  in  regard  it  gives  a.  quicker  Dilpatch,  tho* 
it  may  be  doubted,  it  will  not*  be  for  the  better- 

Thefe  2560  Fathoms  contain  242-  Arcades^  vfhoft  Aperiure  is  6  Fathom  and 
^,  and  the  Face  of  each  Pillar  fuftaining  the  Arfbes^  4  Fathom ;  ther?  will  be 
then  on  the  fide  of  Maintenon  33  Sifigk  Arche^  afterwards  71  Doid^le  ones  ; 
(as  having  one  Arch  upon  another)  xheti^6  Treble  ones ;  which  will  general- 
ly be  2i5  Foot  6  Inches  high,  {viz.  up  to  the  Floor  of  the  Cbannef)  after-  . . 
wards  72  DouMe  ones  ^  then  20  Single^  which  will  reach  to  thCfMount  of 
Earthy  that  is  to  be  50  Foot  high. 

From  the  Ground  up  to  the  Second  Arcade^  are  16  Fathom  5  from  the  Second 
to  the  Thirds  or  upper  Arcade^  arc  14  Fathom,  (which  Arcades  are  Double 
in  Number  to  thofe  they  ftand  upon)  and  6  Fathom  6  Inches  more  to 
the  Floor  of  the  Channel^  which  will  atleaft  be  7  Foot  high,  befidcs  the 
Parapet 

The  Pillars  by  the  Ground  are  8  Fathom  thick;  but,  what  with  the  Slopes 
and  Sborinings^  which  arc  made  in  every  Story,  the  Top,^  wherq  the  Ckannel 
goes,  will  be  but  20  Foot  broad.  There  will  likewife  be  at  each  Pillar  a 
Buttrefs  jetting  out  one  Fathonx,  and  two  Fathom  wide. 

The  intelligent  Obferver,  tho*  well:  fkill*d  in  thirds  of  this  Nature,  as 
being  no  Stranger  to  the  Writings  of  the  Ancients,  or  the  famous  Ruins  and 
Remainders  of  their  Fahricks  in  Italy ^  and  other  Places,  profefles  himfelf  fur- 
priz'd  with  the  Greatnefs  of  this  Undertaking  at  VerfailleSy  and  Maintenon  ; 
for  the  Magnificence  of  the  Defign,  the  Number  of  Labourers,  the  Excef* 
fivenefs  of  the  Expcnce,  and  the  admirable  Beauty  of  the  Work.  * 

VIII.  Having  been  lately  at  Edgecot  in  Nortbampton/kire^  at  the  Houfe  of ^^'nr'f* 
Tobias  Chancy^  Efq;  he  fhewed  me  in  an  Antient  Kitchen  (now  difufed)  two  J^ui ap^!^f 
Chimneys^  vaftly  large,  of  S tone-Work :  Which  I  took  the  more  Notice  of,  be-^*  "{-^i^Dr 
caufe  of  a  peculiar  Way  of  Arch-Work  in  the  Front  of  them  ;  whereby,  j.  wiiiu.  n/* 
without  the  Advantage  of  a  Difcharge  of  Timber  (which  is  ufual,  in  fuch'^^^^^J«• 
Cafes,  to  defend  the  Arch-Work  from  being  overburdened)  an  -^r^i&of  mafly      *'  *  ^' 
Stone  (in  each  of  them)  fuftains  itfelf  at  a  great  Length,  tho*  almoft  upon 

G  g  g  g  2  a  Flat, 
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a  Flat,  being  viery  little  ms*<J  m  the  middle.  Over  tWs  Audi  (^r^  feme 
walling  intcrpofed)  there  is  another  Afch  (to  defend  the  former)  more  r^ifei 
from  the  Flat.    The  DimenfloftSiof  dl,  I  haw  thought  fit  here  to  fiib- 

AB,  The  Breadth  between  the  jami^f^  from  Infide  to  Infide,  i8  Foojt. 

CD,  The  Depth  of  the  Stones  in  the  Lower  Arch,  22  Inches  ;  locked 
one  into  another,  with  a  crooked  Joint/  * 

D  E,  The  Diftance  in  Watting,  between  the  Arches,  2  Foot  and  7  Inches. 

EF,  The  Depth  of  thfc-S;tf«*i  ibir  -  the  TJ^r  Arch,  15  Inches:  With  a 
ftreight  Joint.  ' 

G  H^  The  j^lace  of  tw^  vaft  Tmiels  of  Stone. 

K,  a /if^»^  between -therii.    ;  .' c:i  .       • 

A  Hifv  Kimd^f      IX*  M.  fVeighelius  hath'  lately  invented  an  odd  Bridge^  or  kind  of  Stairs, 
weVghei^s.^*    by  which  a  Man  Ihalldefcend-,  aftd  yet  feally  be  railed- upward  5  and  going 
n.  74.p.a2i».  ^s  ^twl^rc  upon  a  Ptem  ihall  from  a  lower,  by  gently -fubfiding,  arrive  to  ao 
upper  Story.  ;  •    r  . 

^eferving  •f         X.  Ifi  ihc  /Adfcw  S(?iS;f ,  thcrc  IS  a  kind  of  fmall  Wprmt  that  faften  themfelves 

^xH^-i^«5^^  ^  7?»iA?r  of  the'^ips,  and  fo  pierce  them  that  they  take  Water  every 

fr ....  a.  II.  where  s  or  if  they 'do  not  altogether  pierce  them  thrb%  they  io  weaken  thlc 

An?  1666!''     Wood,  that  it  is  almoft  impoffible  to  repair  them,  Some^jave  employed  Btci^ 

Hair  and  Ume^  &G.  and  therewith  Lined  their  Ships ;  but  befides  that,  this 

does  not  akogether  affright  the  fyiorm^^  it  retards  much  the  Ship's  Courfe. 

The  Fortugujk  fcorch  their  Ships,  infomuch  that  in  the  ^mck  ff^ksxhcrt  is 

made  a  Coaly  Cnift  of*  about  an  Inch  thick.    Bat  as  this  is  dangerous,  it 

happening  notfeldom  that  the  whole  Vcffel  is  burnt ;  fo  the  Rea£bn  why  the 

fFbrms  €at  not  thro*  Portugal  Ships,  is  conceived  to  be  the.  exceeding  Hard- 

nefs  of  the  Tmier  employ^  by  them.  There  is  in  HaBandz  Man  that  pretends 

to  have  found  an  admirable  Secret  to  remedy  this  Evil.     And  a  very  worthy 

Perfon  in  London  fuggefts  the  Pitchy  drawn  out  of  Sea-Coals^  for  a  good 

Remedy  to  Jcare  away-thofe  noifomt  InJiSfs. 

■^  ^'"^J^  '     ^^'  Some  few  Years  fince.  Sir  PbiL  Howard  and  M^or  Watft^r^  with  great 
i^Mr^ jNBoitwi.  Charge  and  Induftrv  found  out  a  new  Way,  by  a  Manufafture  of  our  own, 
n.  100.  ^  619*.  to  preferve  the  Hulls  of  Ships  from  the  Worms,  6?^.  which  is  much  fmoother 
Jan.   n.  i  74.  ^^^  confequently  better  for  Sailing,  and  more  cheap  and  durable  than  the 
Way  of  B^ardsy  Pitchy  Tar^  Rofm^  Brimftone^  or  any  Sheathing  or  Graving  hi- 
therto ufed.    The  King  and  Parliament  being  fatisfied,  upon  Examination^ 
of  the  great  Benefit  that  might  redound  thereby  to  his  Majejiy  and  Subjefts 
in  general,  for  the  Inventors  Encouragement  to  make  the  fame  publick,  were 
pleafed,  almoft  4  Years  fince,  to  grant  them  an  J£l  of  Parliament  for  the 
ible  Ufe  of  this  their  Invention,  with  Penalty  and  Prohibition  to  all  others. 
In  Pfofccution  whereof,  Experiments  have  oeen  made  upon  feveral  of  his 
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M^ifif^  Ships,  viz.  the  Pbanhc^  done  three  Years  ago,  has  made  two  Voy- 
ages into  the  SireigbtSy  &c.  and  when  (he  was  lately  taken  into  the  Dock  at 
Wbolwick  to  be  repaired,  upon  View  of  the  Mafter  Shipwright  and  others,  her 
Sheathing  was  found  to  be  in  as  good  Conditio^,  as  at  the  firft  doing;  atxl 
the  Ship  fo  tight  during  the  whole  time,  that  they  were  forced  to  heave  in 
Water  to  keep.Mr.iwwt.  Xh!^  Vrea^mght^  a  Third  Rate,  done  in  June 
1671 ;  the  Hhtriettaj  Lyon^  and  Afcry,  all  three  of  the  Third  Rate,  and  done 
]^  Y^  and  half  finpe,  being  lately  lard  on  Ground  at  Sbeemep  and  Pori/motub^ 
are  fpund  to  be  ^1  in  as  good  Condition,  and  the  Sheathing  to  continue  as  * 
firip  and  as  well  asat  the  firfl  doing ;  as  the  Mafi^r^Muilder  and  Jffijlant  at '  \  /.* 
JPjorifioout^i  and  others,  have  certified.  , 

The  Bread  Rooms  alfo  of  fome  of  thefe,  and  many  others  of  his  My(fty*s.  •  '  *  • 
;$hip^  have  been  lined  within,  almoft  in  the  fame  manner  the  Sbeafbing  is 
witlyDut ;  which  has^prov'd  a  great  Prefervation  c^  the  Bread,  as  feveral  of 
iii^Pm-fers  zxid  Officers  of  the  feid  Ships  have  certified;  and  by  Reafon  qf 
its  Duration  muft  be  much  cheaper  and  better  th^ui  Tm^  which  is  fo  li^leto 
xuftv  or  any  Way  yet  ufed. 

Alfo  the  Lea4  itfelf  (which  is  the  principal  thing  ufed  herein)  they  make  {o 
dofe  p^-effed,  fmooth,  and  equal,  or  of  wh^t  1  hicknefs  or  Thinnefs  dq- 
fired,  that  great  U^^  xs^y  be  pude  thereof  about  ieveral  other  things  relating 
to  Shipping. 

XIL  A  Paper  oflefs  General  Ufe  Omitted,  viz. 

Diredions  for  InqinoQi  (;p|iCKning  Stores  and  other  Materials  for  the  Ufe  a.  93.^.6010. 
<X  Building. 

XIIL  Accounts  (^  Bo^k^  Omilted- 

X^  Vitruvius  i^nt'\TAoEngUJb\hyMT.Cbr.W^         .  a. 72.^.4190. 

Lesdixliyres^'  Arcbiteaure^tVitruve^  corrige:?,  $z:  traduitsnouveUemeot*'  "*•^*79• 
en  Ft^cois^  nvec  des  Notes  &:  des.FigiU'es  j  par  Claude  Perranh.  Paris  1 637. 
in  Folio. 

%.  Cours  d^  Arebhe^ure^  enifeigi^  dans  T  AcAdemf  Rfffok  d'  ^^bite&ure^u.  us.^.  549. 
premiere  Partic ;  par  M.  Francais  Blondd,  a  Paris^  1675,  in  FoL 

S-  JR/fbaelii  FabrettiUrbinatis  de  Aquis  &  Aquaadirflibus  Veteris  Remain,  ifr.f.4^6. 
Difiertationcs  tres,    Rom^e  1680.  in  4/c^  n.9^^6o7l. 

4.  Modern  Fortification,  fc?c  by  Sir  Jonas Moor^  1673. in  8v^-  „. lys/. s^ 

5.  Nouvelle  Maniere  de  Fortifier  Ics  Places ;  par  M-  Bhndel.  H^^ty  1684. 

6.  Marci  Meiiomii  dtFabricz.  Triremium  Liber.  Amiielodami  167 1.  in  4/^."*^^*^'^^^'' 

7.  ScbeepS'Boow  en  Beftier^  that  is,  Naval  AnhiHSure  aod  QmdnSl  •,  by  iV.  n.  77*^.  jooi, 
H^ttfen.    At^erdam  167 1  in  Folio. 

8.  L*  ArcbtteUure  Navaley  avec  le  Routier  des  In4es  Qrientales  &  Occidm-n.  j^^,  p.  979^ 
f0l€s:  par  le  Sieur  Dajie^  i  Paris^  1677.  ixu^o. 
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Jnfitument;  hy 
Sir  Chr.  Wren. 
o  45^  898. 

F/X.218. 
Mtt.  Ao.  1669. 


Angwmffif 
Delifustin^  hy 
Faralitl  rifrai 
BjaSf  ni4i£l/y 
dfitvb^  the 
Sfmmttry;  ky 
Mr.  8c.  Ciare, 
n.  96.  f.  6o8o* 

Fig,  219. 
July,  Ao.  1673. 
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CHAP.    ix.  V 

PerfpeBive.     Sculpture.     Painting. 


Is  a  friiall  Sight  with  a  fliort  Arm  B,  which  may  be  turned  round 
about,  and  moved  up  and  down  the  fmall  Cylinder  C  D,  which 
is  fcrewed  into  the  Piece  E  D,  at  D  :  This  Piece  E  D  moving 
round  about,  the  Center  E-,  by  which  means  the  Sight  may  be  removed 
either  towards  R,  or  F. 

EF  is  a  Ruler  fattened  on  the  two  Rulers  GG,  which  Riikrs  (ttvc  both  to 
keep  the  Square  Frame  S  S  S  S  perpendicular,-  and,  by  their  Aiding  thrd^ 
the  fquare  Holes  T  T,  they  ferve  to  ftay  the  Sight,  either  farther  from,  or 
nearer  to  the  faid  Frame  ;  on  which  Frame  is  ftuck  on  with  a  little  Wax-  the 
Paper  OOOO,  whereon  the  PiSure  is  to  be  drawn  by  the  Pen  I.  This  Pem 
I  is  by  afmallBrafs  Handle  V  fo  fix'd  tothe /?«/(?r  HH,  that  the  Point  I 
may  be  kept  very  firm,  fo  as  always  to  touch  the  Paper.  HH  is  a  Ruler^^ 
that  is  always,  by  means  of  the  fmall  Strings  aaa^  bhb^  moved  Hmzontaltj^ 
or  Parallel  to  itfelf ;  at  the  End  of  which  is  ftuck  a  fmall  Pin,  whofe  Head 
P  is  the  Sght,  which  is  to  be  moved  up  and  down  on  the  Out-Lines  of  any 
Objedt. 

The  Contrivance  of  the  Strings  is  this.  The  two  Strings  aaa^  hhb^  are 
exaftly  of  an  equal  Length.  Two  Ends  of  them  are.fafteh'd  into  a  fmall 
leaden  Weight  QjQ^  which  is  moved  in  a  Socket  on  the  backfide  of  Ae 
Frame,  and  lerves  exadly  to  counterpoife  the  Ruler  HH,  being  of  equal 
Weight  with  it.  The  other  two  Ends  of  them  are  faftcri'd  to  two  fmall 
Pins  H  H,  after  they  have  rolled-  about  the  fmall  Pulleys  N,  MM,  LL, 
KK ;  by  means  of  which  Pulleys,  if  the  Pen  I  be  taken  hold  of,  and  moved 
up  and  down  the  Pkper,  the  Strings  moving  very  eafify,  die  Ruler  will  al- 
ways remain  in  an  Horizontal  Pofition. 

The  Marnier  of  ufinjg  it  is  this :  Set  the  Inftrument  upon  >a 'Table,  and  fix 
the  Sight  A,  at  what  Height  above  the  Table,  and  at  what  Diftance  froiii 
the  Frame  S  S  S  S,  you  pleafe.  Then,  looking  thro*  the  Sight  A,  and  hold- 
ing the  Pen  I  in  your  Hand,  move  the  Head  of  the  Pin  P  up  and  down  the 
Out-Lines  of  the  Objedt,  and  the  Point  I  will  defcribe  on  the  Paper  OOOO, 
the  Shape  of  the  Objeft  fo  traced. 

II.  ABCD  is  tht  Profopographiek  Parallelogram^  H  F  the  Central  Styld; 
LC  the  defcribing  Quill,  K  A  the  Index,  or  an  oblong  Ruler  adapted  at 
right  Angles  to  the  Plain  of  the  Parallelogram,  by  means  of  the  winding 
brafs  Pin  according  to  the  Pattern  E.  To  this  Ruler  ^e  fixt  two  Sights 
P  R,  S  V  i  in  the  Middle  of  P  R  is  a  Hole  bored  at  O,  and  in  the  Middle 
of  S  V  a  Thread  is  erefted  perpendicular  to  the  Ruler  R  A,  in  the  Middle 
of  which  is  a  certain  little  Globe  or  Bead,  through  which  and  the  Hole  O  a 
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Ray  IS  extended  from  the  Objeft  to  the  Eyei  which  whUe  you  delineate 
Ihould  not  be  fixt,  but  free  and  at  liberty. 

.  I.  It  is  to  be  obferved, ,  that  a  Ray  extended  through  the  Hole  O  and  the 
Bead,  will  always  be  perpendicular  to  the  Plain  of  the  Parallelogram^  or  tp 
its  Diameter,  which  is  a  right  Line  extended  through  the  defcribing  Style 
LC,  and  the  fixt  Center  F,  and  the  faid  little  Globe  or  Bead,  in  which  Line 
the  Bead  will  always  be  found,  however  the  Parallelogram  may  be  moved. 

2.  The  fenfible  Delineatory  Plain,  upon  which  the  Point  L  moves  about, 
which  is  the  Nib  of  the  drawing  Style  L  C,  defcribing  the  Image  exaftly 
according  to  the  Motion  of  the  Index  K  A,  and  upon  which  the  Central 
'.Style  H  F  is  fixt,  is  the  Plain  QYX  T ;  but  the  mere  Rational  of  Mathe- 
matical Plain,  being  a  Continuation  of  the  former,  is  f  Jpy. 

3.  That  all  the  Rays  extended  from  the  Objeft  through  the  Bead  and  the 
Hole  O  to  the  Eye,  (which  is  placed  in  fo  many  Points  of  a  tranfparent 
Medium,  by  means  of  the  Index  K  A,  as  there  are  Points  in  the  vifible  Su- 
perficies of  the  Objedt  to  be  defcribedf  which  are  infinite,)  will  always  be 
parallel  to  one  another. 

Perhaps  fome  may  objedt,  that  in  Objefts  at  a  great  Diftance  thftre  can  be 
no  ufe  of  the  Sights.  But  which  way  wil4  that  concern  us,  fince  this  Me- 
thod of  ours  is  defign'd  only  for  removing  thofe  Difiicultie^  in  Delineation, 
which  hitherto  have  attended  the  Parallelogram  of  Scbeiner.  For  I  have  often 
found  by  experience,  (tho*  for  this  the  Artift  does  not  think  the  worfe  of  his 
Inftrument,)  that  by  no  means  there  is  that  Proportion  between  thie  Parts  of  ' 
the  Copy  in  the  Plain,  as  there  is  in  the  Parts  of  the  Original  at  a  Diftance. 

III.  I  here  fend  you  a  Method  of  Cajling  Sialues  in  Mefalj  in  Obedience  ^^»*w^* 
to  the  Commands  of  the  Royal  Society ;  it  is  as  follows.     Firft,  I  form  out  of  ^ea^^SrlSLy 
£ood  Clay,  that  will  endure  the  Fire,  and  not  crack  cither  in  drying  ^^™'r^Jyl^^^  ^ 
burning,  fuch  a  Figure  or  Statue  as  I  dcfire  to  caft  •,  when  this  is  well  dry,  chi^  vatrafi. . 
I  make,  all  over  the  Figure,  little  Holes  of  no  great  Depth  (but  both  Size  "•^•^- ^^*59* 
and  Depth  proportionate  to  the  Bignefs  of  the  Statue)  into  which  I  let  fmall  jtn.A^.  My^ 
Pieces  of  Metalj  and  with  fome  of  the  fame  Clay  fix  them  firmly  in  the  Holes  j 
the  Ufe  of  thefe  Bits  of  Aietal^  aaaaa^  is  to  keep  the  Core  and  JHould  from 
touching  one  another,  or  falling  together  when  the  ff^ax  runs  out  j  and  that 
they  may  remain  conftantly  in  the  wme  fixt  Pofture.    This  done,  I  fcrape 
away  with  fome  projper  Inftrument,  as  much  of  the  Clay  in  thicknefs  as  I  de- 
fign  for  the  thicknefs  of  my  Statue  -,  and  then  laying  it  in  a  Furnace^  1  bum 
the  Core  till  it  be  red  hot :  (by  the  Core  is  meant  always  the  Statue  fiift  made  ia 
C&y,)  when  it  is  cold,  I  rub  the  Core  all  over  with  that  fort  of  Earth  or  Co- 
lour, which  our  German  Potters  ufe  to  colour  the  Joints  of  the  Tiles,  when 
they  fet  Steves  of  Tiles,  or  {KacbeUOfens ;)  this  Colour  much  refembles  Black 
Lead  which  is  ufed  to  Defign  on  Paper,  and  eafily  wipes  out  with  Bread,  but 
it  is  not  the  fame.     This  Colour  I  mix  with  Water,  and  daub  all  over  the 
Core^  becaufe  the  Metal  is  found  to  run  freely  upon  it.  There  are  other  Subf 
ftances  proper  for  this  Ufe,  but  I  have  always  made  ufe  of  this,  efpecially  for 
thin  Statues.    This  done,  I  lay  upon  the  Core  as  much  yellow  Wax  mix- 
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«d  >»^itli  Pitch  or  Rofirt,  as  ^11  make  the  Thicknefe  bf  the  intended  Statue^ 
which  I  form  in  the  Wax,  with  atU  the  ExaAnefs  poflible. 

Here  note,  th^t  the  f^articles  of  Metal  mentioned  tober  fet  into  the  Cort^ 
to  keep  it  a  Diftance  from  the  Mouldy  muli  be  fo  fet  as  to  fall  in  with  the 
Surface  of  the  Was^  exactly  -,  and  that  the  Reafon  of  mixing  Pitch  or  Rofm 
with  the  Wax  is,  becaufe  that  when  it  is  burnt  out,  it  makes  a  great  Smoke, 
and  that  Smoke  adhering  to  the  Mouldy  occalions  the  Metal  to  run  more  free- 
ly ;  as  I  have  experienced  it.  Next  I  put  all  over  upon  the  Surface  of  this 
Statue  of  Wax,  little  Pieces  of  Wax,  which  I  call  the  little  Channels  cccccc^ 
(all  which  muft  be  contrived  fo  as  to  enter  the  great  Channels  ddd.)  This 
done,  I  cover  the  Core  and  Wax  all  over  with  the  fame  fort  of  Qay,  that  will 
endure  the  Fire  without  cracking  ;  and  fo  I  have  my  Concave  Statue  or  Mould 
made.  Upon  this  I  lay  the  great  Channels  marked  dddd^  both  upright  and 
tranfverfe,  formed  likcwife  in  Wax,  and  placed  according  to  Judgment,  fo  as 
beft  to  receive  the  Ends  of  the  little  Channels  cccccc^  for  the  more  eafy  di-  * 
ftribution  of  the  Metal  The  great  Channels  muft  all  meet  at  the  top  of  the 
Statue,  fo  a§  to  come  out  by  one  Hole,  as  at  E,  where  the  Metal  is  to  oe  pou^ 
red  in  :  It  is  alfo  neceflary  to  have  a  Channel  or  two  to  let  out  the  Air  as  the 
Metal entcrsy  ^  thofe  marked//,  and  there  muft  be  a  Hole  or  two  left  at 
the  Foot,  as^^,  where  the  great  Channels  and  waxen  Statue  join  \  and  where- 
at, when  the  Mould  is  burnt,  the  Wax  as  well  of  the  Statue  as  of  the  Cban-^ 
nels  may  run  out.  The  great  Channels  being  thus  placed,  the  Mould  muft 
be  agaip  laid  over  with  the  fame  fort  of  Clay  -,  (I  ufe  conftantly  to  bind  a- 
bout  the  Mould  with  Iron  Wire,  and  then  lay  on  more  Clay)  and  when  this 
Mould  is  well  dry,  then  I  heat  it  red-hot ;  as  I  did  before  the  Care^  fo  now 
both  tpgether, 

I  burn  the  Core  firft,  that  there  may  not  need  fo  ftrong  a  Fire  to  bum  the 
Mouki  as  will  melt  the  ffnall  bits  ot  Metal :  but  for  fmall  manageable 
Statues^  of  not  above  a  Foot  or  two  high,  they  may  be  both  burnt  together, 
and  there  is  no  need  of  the  Holes  gg^  but  the  Mould  may  be  inverted^  and 
the  Wax  run  out  by  the  Channels  ff^  and  E. 

The  Mould  being  thus  burnt,  I  ftop  with  the  fame  Clay  the  two  Holes 
gg^  and  thenl  bury  it  in  a  Fit,  and  proceed  as  is  ufual  in  Cafting  of  Bells 
and  the  like  s  but  care  muft  be  taken,  that  the  Metal  be  very  well  in  Fufion, 

If  it  be  a  fmall  Statue^  not  above  a  Foot  or  two  high,  whofe  Mould  may  be 
managed  in  one's  Hands  ;  then  I'make  me  a  Concave  Statue  of  Wax,  d  the 
Thicknefs  1  defire,  and  then  place  upon  it  all  thofe  great  and  lefler  Chan- 
nels, as  afore :  Which  done,  I  put  it  all  together,  into  a  liquid  Subftancc 
made  of  Plaifter  and  Tile,  or  Brick  Duft  tempered  with  Water. 

If  the  Statue  be  intended  very  thin,  then  I  take  Copper,  and  when  it  Ts 
well  in  Fufion,  1  mix  with  it  a  good  quantity  of  Zinc^  without  obferving 
any  certain  Proportion  of  Weight ;  the  more  Zinc  the  better  the  Metal  rutv&. 
I  have  fon^times  for  fmall  and  thin  Statues  ^ut  in  above  a  third  part  of  Zim, 
I  have  found  by  Experience,  that  this  Mineral  makes  the  Metnl  run  moft 
freely,  and  gives  it  a  fair  Golden  Colour. 

The 
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The  Statue  bein^  caft,  Itake  off  the  MsuH,  and  cut  off  all  the  little 
Channels  ^  all  which,  both  great  and  fmall,  are  filled  with  M£tal^  which 
jiuy  be  kept  for  farther  Ufc  :  In  thefe  there  is  much  more  Mstal  than  in 
the  whole  Statue;  for,  if  the  Statue  he  very  thin,  there  muft  be  more 
and  bigger  Channels,  and  fo,  the  cheaper  the  Sutue,  the  more  weighty  the 
Channels  J  and  the  more  Me^al  remaining. 

To  know  the  Quantity  of  A/<f/^/requifite  for  any  intended  Work,  Itake 
aLumpof  the  faxne  mixture  of  Wax  and  Pitch,  with  which  I  make  the  Mouid 
of  my  Statue ;  and  havmg  weighed  it,  I  make  a  Mould  upon  it,  and  cad 
in  the  fame  a  Lump  of  Afe^ij/of  the  fame  Size  -,  which  I  weigh,  a;id  thereby 
compute  the  Proportion  of  the  Weight  of  the  Melal  and  ^axi  and  then, 
obferving  how  many  Pounds  of  Wax  I  ufc  about  the  Figure  and  Channels,  I 
can  calculate  to  a  fmall  matter  how  much  Meial  I  need  to  melt. 

Hitherto  I  have  caft  no  Statue  above  9  Foot  high,  but  I  doubt  not  bu,t 
I  could,  by  the  feme  Methods,  caft  one  of  any  Bignefs  defired. 

IV.  1.  Spanijb  TVhite  is  made  of  Chalk  and  Allum  burnt  together. 

2.  I  take  the  Lapis  Jrmenius  to  be  the  Blue  Bice  fold,  in  the  Shops,  for  it^J^f^JJ^/ 
is  light  and  friable;  formerly  brought  out  of  Armenia,  now  from  the  Silver /••n;    Mt. 
Mines  of  Germany,  called  Melocbit.es,  in  High-Dutch,  Berghblaw.  n-'lrgT^e??.. 

3.  Ultramarine  is  made  of  die  blueft  Lapis  LazuS,  which  is  freeft  from  Jan.An.'iegfi. 
Gold  Veins,  by  Cafcination.  .  simpiema, 

4.  Smalt  is  nude  o£  Zaffer  and  Pot  Jjhts  calcined  together  in  aGlafs 
Furnace- 

5.  Liimafe  or  Utmofe,  I  fuppofe  the  Juice  of  a  Pl^nt. 

6*  Indigo,  faidby  Plinf  to  be  brougl^from  India-,  a  kind  of  Mud  adher- 
ing to  the  Froth  about  Reeds^  and  that  when  tried  with  a  Coal,  the  true 
bwns  with  a  purple  Flame,  and  fmeik  of  the  Sea.  Linfchoten  fays  it  is  called 
Anil,  that  it  grows  in  Cabaia,  and  is  a  Plant  like  Rofemary,  which  is  ^ 
thercd  and  dried^  then  wetted  with  feir  Water,  and  beaten  to  a  Mud. 

7.  In^a  Ink  \  its  Ufe  is  known  to  Pif«y,  tho*  not  its  Compofition  5  which 
is  yet  u»difcovere4>  except  it  Ihould  be  burnt  Rice,  as  hath  been  thought. 

.1.  Cerufi  is  .the  RuJIq(  Lead,  made  by  a  vaporous  Calcination.    ^^^V^^*,^'*** 
writes  thus  of  it  in  Cap.  34.  Ulf.  18.  Cerufe  PJimtthium  is  made  in  the  Plum- 
bers Shops,  of  fmall  Plates  of  Lead  laid  upon  a  Veffel  of  ftrong  Vinegar  -,  what 
faVs  i»to  the  Vinegar  is  taken  out  «nd  di'ied  in  the  Sun  <  a(id  in  Cap.  6.  Lib.  35. 
he  lays  it  was  m^e  at  Rome  of  burnt  Marble  Flint  quenched  in  Vinegar. 

z.  MaflicQt  is  a  kind  of  improper  Calx  or  Tin. 

3.  Gutta  CamLe,  or  Cambodia^  the  infpiJflatcd  Juice  of  a  Plant,  not  weU 
known  j  it  comes  from  both  the  Indies.  Some  think  it  the  Juice  of  Euphorbia 
um ',  others  Scammony  or  Titbymal ;  others  Ricinus  ;  others  refer  it  to  the 
greater  Cdiaputia,  Ejula,  or  the  Flowers  of  the  InMan  Ricinus,  and  will  have 
it  coloured  with  Turmerick ;  as  Schroder. 

4.  Oker,  a  kind  of  natural  Earth.     There  are  two  forts  thereof,  the  one 
Native,  formerly  brought  out  of  Africa^  now  from  Dacia  and  Hungary,  and 
from*  many  Places  in  England,  efpecially  in  the  Foreft  of  Dean :  The  other, 
afaftitious  Subftance  of  i^^^  burnt  and  quenched  in  Vinegar.    In  Plinfs  .    .^ 
Time  it  was  made  of  Rubrica^  or  Ruddle  burnt. 
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5.  Orptmenfy  a  fat  inflammable  Mineral,  juftly  ranked  amongft  Poifoa 
for  its  extreme  corrofive  Quality.  Pliny  fays,  it  was  dug  up  in  Syria  on  the 
Surface  of  the  Eartbj  and  that  the  Emperor  Caligula  had  hopes  of  getting 
Gold  out  of  it  5  wherefore  he  caufed  14  Pounds  of  it  to  be  tned,  which  a^ 
forded  him  very  good  Gokt^  but  in  fo  fmall  a  Proportion,  that  he  loft  by 
the  Trial. 

6.  Um^er  is  a  native  Earth. 

7.  Red-Leady  a  Colour  unknown  to  th?  Anticnts,  made  of  Utbargij  or 
burnt  Lead^  by  d,Reverberatory  Calcination^  or  of  Cerufe  put  in  a  Platter  over 
the  Fire,  which  muft  be  continually  ftirred  till  it  has  acquired  a  Red-Lead 
Colour.  Dr.  Charleton  de  Fof. 

8.  Burnt  Oker  is  the  common  TellowOker  burnt  in  the  open  Fire. 

9.  Cinnabar^  or  Vermilion.  There  are  two  forts.  Native^  or  the  Minium 
of  the  Antients^  which  is  the  Mineral  that  yields  ^ickfilver ;  whereof,  and 
of  Sulphur^  it  chiefly  confifts;  it  is  found  in  the  Mines  oi  IJhyi.  This  Colour 
was  amongft  the  Antient  Romans  ufed  to  facred  Purpofes,  and  on  Fefliyals 
Jupiter^s  Face  was  painted  therewith,  as  likewife  the  Bodies  of  thofe  that 
cntred  in  Triumph.  The  FaSlitious  Cinnabar  is  that  which  wc  now  ufr, 
and  is  made  by  a  Sublimation  of  Mercury  and  Sulphur. 

10.  Carminj  made  of  CochineeL 

1 1.  Lake^  thought  to  be  an  Arabick  Word :  It  is  made  of  Flocks  dyed,  or 
ihavings  of  fcarlet  Cloth,  or  of  the  Cocbineel  Infeffj  or  elfe  of  Kermes-herries^ 
their  Tindture  being  extrafted  with  a  Lye  of  Pot-Afhesy  and  then  precipita- 
ted with  a  Solution  of  Rocb-AUom.  After  the  fame  manner  a  iMke  may- 
be made  of  any  Plant  or  Flower*  There  is  another  fort  of  Lake  made  of 
Gum-laCy  by  extrading  its  Tindture  Ivith  Urine. 

12  Sanguis  Graconis  is  the  Gum  of  a  Tree,  which  looks  like  dried  Blood; 
*tis  brought  out  of  feveral  Places  in  the  Eaft-Indies. 

13.  Englifi  Reddle^  or  Ruddlcj  is  found  in  many  Places  of  England '9^  a- 
mongft  the  reft,  near  f/^itney  in  Oxford/hire. 

14.  Lamp-btiicky  by  Pliny  thus  defcribed :  'Tis  made  of  the  Soot  of  Ro- 
fin,  or  Pitch  burnt,  Houfes  being  built  on  purpofe  for  it,  that  keep  in  the 
Smoak. 

V.  This  way  of  making  feveral  China  Vamifhes  was  firft  fent  from  the 
Jejuits  in  China  to  the  great  Duke  of  Hufcany. 

Take  of  Crude  Varnijh  60  Ounces,  ordinary  Water  60  Ounces,  mix  them 
well  together  till  the  Water  difappears,  afterwards  put  this  matter  into  a 
wooden  Vellel  5  or  6  Palms  long,  and  2  or  3  broad,  mix  them  with  a 
wooden  Spatula^  for  a  whole  Day  in  the  Summer*s  Sun,  and  for  two  in  the 
Winter.  It  is  afterwards  kept  in  earthen  Veflels  with  a  Bladder  over  it,  and 
cooL     This  is  the  Varnijh  prepared  in  the  Sun. 

Take  20  Ounces  of  the  Oil,  called  OilofJVood^  of  that  of  the  Fruit  lO 
Drams ;  give  them  5  or  6  Boils,  till  it  comes  to  be  a  litdc  Tellow.  JLct  k 
cool,  and  put  to  it  5  Drams  of  ^ick^ime  powdered. 

Take  Swines  Blood  and  ^ick-lime  powdered,  mix  them  well,  lay  this  mix*- 
ture  on  the  Wood,  and,  when  it  is  dry,  fmooth  it  with  Puattce*StORea« 
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Take  of  tlie  Vcirnilh  i*cpared  in  the  Sun,  60  Ounces,  Sione-ilaek  Mum^  p  *2f  **"* 
(fuppofc  to  be  a  fort  of  Copperas)  diffolvcd  in  a  little  Water,  3  Drams ;  ^"^ 
70  Drams  of  Lamp-Oil^  calPd  by  the  Porfvgueze  Azeite  de  Candea.    It  is  pre- 
pared in  a  wooden  Veffel,  as  the  prepared  Varnijb^  obferving  to  put  in  the 
'Lamp-Oil  zx.  twict. 

Take  of  the  Oil  of  ^(?^i  crude,  (called  hy  liit  Portugueze  Azeite  de  Pao)?uehH9Umd 
40  Drams,  of  the  Lamp-Oil,  called  de  Candea^  Crude,  40  Drams :  It  is  pre-''^^*' 
pared  in  the  Sun  in  a  wooden  Veffel,  as  the  prepared  Varnifh. 

Take  10  DramsofCr>r^^tfr,  20  Drams  ot^^^r^i/}?^  prepared,  a  little  OWRuvsn^. 
de  Candea^  or  Lamp-Oil ;  mix  them  well. 

Take  of  the  TeUaw  Colour  10  Drams,  30  Drams  of  the  prepared  Famijby  tsiuw  Vsnifi. 
with  fome  Lamp-Oil. 

Take  of  the  Red  Varmjb  lo  Drams,  of  the  Black  Varnifb  4  Drams  ;  mix^«'*-'«'««^'' 
them  well  ^^^ 

VI.  M.  Colberi  being  pleafed  Ibme  time  fuice  to  vifit  the  Academy  Royal  for  jin  Ex^um  4 
the  Improvement  oi Painting^xid.  Seulpture^  exprefled  himfelf  to  this  Effcdj'^^l'Jy'S: 
That  he  thought  it  proper  from  time  to  time  that  the  Works  of  the  moft  ex-  coiben.  n.  47. 
ceUent  Painters  ihoxM  be  examined^  and  fuch  Obfervations  made  thereon  as5^n!«j^$!*^' 
would  inform  others  wherein  the  PerfeSion  of  a  PiSure  confifts.  Which  hath 

been  ever  fince  pradifed  among  them,  as  the  befl  Means  to  carry  the  Art  of 
Painting  to  its  higheft  Perfeftion ;  fuch  an  Examen  of  the  beft  PiSures  difclo- 
fing  many  Secrets  of  that  Art,  for  which  there  are  no  Rules,  and*  opening  a 
door  to  debate  many  important  Queflions,  not  hitherto  treated  of. 

VII.  Here  is  a  Man  who  makes  more  lively  Counterfeits  of  Nature  in  fVax^  mm  Wnk,  smd 
than  ever  I  yet  faw  in  Paintings  having  an  extraordinary  Addrefs  in  ^odel-^J^^^^^ 
ling  the  Figures j  and  mixing  the  Colours  and  Shadows  •,  making  the  Eyes  fo  Relievo,  m 
lively,  that  they  feem  to  kill,  excelling  all  things  of  this  Art  1  ever  beheld,  n!?!^  ft^NoVI 

I  nave  alfo  feen  a  new  kind  of  Maps  in  Low  Relievo^  or  Sculpture ;  for  Ex-  Aa.  1665I 
ample,  the  Ifle  of  Antibe^  upon  a  Square  about  8  Foot,  made  of  Boards,  with 
a  Frame  like  a  Piifure :  There  is  reprefented  the  Sea,  with  Sliips,  and  other 
Veflels  artificially  made,  with  their  Cannons,  and  other  Tackle  of  Wood  fix*d 
upon  the  Surface,  after  a  new  and  moft  admirable  manner ;  the  Rocks  about 
the  Ifland  exa&ly  form'd,  as  they  are  upon  the  niatural  Place ;  and  the  Ifland 
itfclf  with  all  its  Inequalities,  and  Hills  and  Dales  ;  the  Town,  the  Forts, 
the  little  Houfes,  Plat-form,  and  Cannons  mounted  -,  and  even  the  Gar-  ^ 
dens,  and  Plat-forms  of  Trees,  with  their  green  Leaves  ftanding  upright, 
as  if  they  were  growing,  in  their  natural  Colours  •,  in  fine.  Men,  fieafts, 
and  whatever  you  may  imagine  to  have  any  Protuberancy  above  the  Level 
of  the  Sea.  This  new  delightful,  and  moK  inftruftive  Form  of  a  Mapy  or 
wooden  Country,  you  are  to  look  upon  either  Horizontally,  or  fide  long, 
and  it  affords  equally  a  very  pleafant  Objeft. 

VIII.  Whether  the  way  mentioned  by  Kircher  in  his  Mundus  Subterraneusr^Coiam  Usr- 
will  fucceed  or  not,  is  much  doubted  by  fome  experienced  Men  :  But  'tis  ccr-  w*i  ^- j^y  • 
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tain,  that  a  Sume^cutter  in  O^foH^  Mr.  Bird^  hath  many  Yean  fiAGe  fbcmd 
out  3  way  of  doing  the  fame  things  In  efFeft,  that  is  there  mentioned  j  and 
hath  praftifed  it  for  many  Years:  That  is,  he  is  able  fo  to  apply  a  Colour 
to  die  Out-fidc  of  poliflied  Marble^  fts  that  it  fhall  fink  %  confiderable  I>eplb  ^ 
into  the  Body  of  the  Stone,  and  there  reprefent  like  Figures  or  Images  as 
thofe  are  on  the  owt-fide  ;  deeper  or  IhalloWer,  according  as  be  condnues 
the  Applicadon  a  longer  or  leffer  while. 

AnExtf^erdi.  IX.  A  Goldfmith  at  Siti/gard,  a  very  ingenious  Ingiraver,  by  Name 
nsryjinatne  Chrifiopher  Mulkv^  in  the  Year  1685.  while  he  was  rubbing  fome  Aiarum^ 
%p!''^T^^' ftibrmans  in  a  little  Scutde  made  of  Chokedany  of  the  pellucid  0»)w  Colour, 
Kcifci.  n.  i7p.  or  of  a  homey  Caft,  mixed  with  red  Glafs  prepared  for  Fafion,  and  moift- 
^'  ^*'  cned  with  Spring  Water,  in  order  to  make  Enamel,   (of  which  Antoinius 

Nerius^  as  tranflated  by  Andrea  Frijio  treats  in  his  Book  upon  the  Art  of 
making  Glafs)  found  upon  repeating  it  for  the  third  Time,  that  the  Purple 
Colour  of  the  Powder,  which  had.rerhained  fome  Days  dry  in  the  Veflfel, 
and  had  fpread  as  iar  as  the  Lips  of  it  in  rubbing,  had  penetrated  this  ex« 
ceeding  hard  Stone,  which  the  File  can  make  no  Impreffioft  upon,  fo  deep 
not  only  in  the  Scuttle,  but  in  the  Piftle  itfelf,  and  had  mark'd  it  with  Spots 
or  pretty  regular  Circles,  that  it  could  neither  be  taken  out  by  fimple  Water, 
nor  Lixive,  or  any  other  aerid  Liquor,  and  all  this  without  hurting  the  ex- 
qoifite  Polifii  of  the  Stone,  leaving  however  fome  Spots  here  aod  there  ftiU 
of  the  Onfx  Coloar.  This  was  repeated  feveral,times  in  another  Vejffel  of  the 
fame  Colour,  without  ever  having,  the  fame  EfieA-  But  what  is  chiefly  to 
be  obferved  in  the  colouring  of  this  Stone,  is,  that  according  to  the  Texture 
of  the  Gem^  as  appeared  both  to  the  naked  Eye  and  a  Glafs,  in  the  external 
Part  of  the  Veficl,  where  the  Tincture  has  juft  reached,  you  can  perceive 
Fibres  or  circular  Layers,  according  to  which  it  is  probable  that  it  encreaied 
;      .  in  its  Bulk,  frefli  Layers  of  (tony  Matter  being  laid  upon  one  another^  as 

BiTioar  and  other  Stosies  are  encreafed  by  new  Lamina,  aod  alfo  Trees,  in 
whofe  Trunks  the  Circles  or  Rings  denote  the  Number  of  Years  that  the 
Tree  was  a  growing.  And  this  purple  Colour  appears  lighter  or  darker,  k- 
cording  as  the  tinging  Stuff  met  with  larger  or  leffer  Pores,  a  h^der  or 
«  fofter  Texture  of  the  Stone,  and  produces  circular  Streaks  furrounding  a  Kind 

of  Vertex,  as  you  fee  round  the  Pith,  w  Cor,  as  it  is  called,  the  Grain,  or 
Chaff  in  other  Stones  and  Wood ;  intermixed  here  and  there,  with  darker 
Spots.  As  the  iiluftrious  Boyle  in  his  ^uim.  de  Orig.  (^  Virt.  Gemmanm. 
Sed.  I.  p.  22,  23.  has  obferved  the  Points  and  Joinings  ot  thin  Layers  or 
Planes  in  Jdamant  and  Granates  \  which  Artifts  cail  the  Grain^  or  fomething 
refembling  the  Texture  of  cleft  Wood. 

Several  Writers  have  mentioned  that  Marble^  Alabafter  and  Bones  may  be 
tinged  by  lixivious  and  acrid  Juices :  and  this  may  perhaps  be  expe&ed  of 
Gems,  fmce  the  above  mentioned  Boyle^  Sedt.  2,  p.  123.  fays  that  a  Tinfturc 
may  evidently  be  extraded  from  them  -,  and  elfewhere,  p.  43  and  190.  that 
Rock  Cryftal  may  be  tinged  by  Mmeral  Acids,  and  p.  45.  toe  Sapphire  it- 
tcU  by  lubterraneous  Vapours. 

2  Seeing 


Seeing  then  it  is  pkin  From  thisr  Obfervation,  that  the  Gehi  called  the 
Chalcedony  was  really  tinged,  tho'  it  happened  accidentally,  nor  by  repeat- 
ing the  Frocefs  could  the  fame  Efft^  be  produced,  it  defeives'  however  to 
be  confidered,  whether  it  was  not  owing  to  the  Influence  of  the  Stars,  or 
rather  fome  other  hidden  Qaality,  and  a  Trial  to  be  made,  whether  from  a 
Mixture  of  Salts  and  acrid  Juices?  there  might  ncJt  be  produced  a  Tinfture 
of  that  Kind,  and  even  without  the  Afliftance  of  Fire,  by  which  the  Splen- 
dor and  Pellucidity  of  the  Gem  (hall  not  be  deftroyed  arid  its  Hardnels  ftill 
remain,  and  therdfore  its  Value  be  not  only  prefervcd,  but  even  increafed 
by  its  new  acquired  Colour. 

X.  P^f  J  omitted. 

1.  A  Dcfcription  of  Scbeiner^s  Suredgraphkk  Paralklogramj  and  its  Imper-»9^.f'  6otr. 
ftSiom  confidered  j  by  Mr.  J.  Si.  Clare^  vid.  fup.  Sed.  IL 

2.  A  Table  of  Sin^  and  mix^d  Coioursy  in  Latin^  Greeks  Fretuby  andn«79  P*«4.a^ 
Bmgliffi :  with  a  Specimen  of  each  Colour  prefixed  to  its  proper  Nme  i  by 

Mx.  Riib.  fFalkr. 

XL  AccotaUs  of  Books  omitted. 

1.  Entretiens  furies  Vies  &  fur  les  Ouvrages  des  plus  exoeUens  PHntres^fi*%i.p^i%z. 
jhtims  &  Modernes ;  par  M.  Felibien. 

%.  An  Idea  of  the  PerfeSiM  of  Painting :   Originally  written  in  Frencb^^^^sf^  7t4« 
by  Rolaad  Freart  Siettr  de  Cambrof ;  and  rendered  into  EfigU/b  by^  J.  Evelin^ 
aqv  F-  R.  S.  I4>nd.  1&6S.  in  8w. 

^  A  General  Idea  of  the  Jrt  of  Pmntingy  and  Relation  of  leven  CoHfe-^'Ay-Pss^ 
TtMces  held  at  Paris  in  the  Jcademy  Royalj  for  die  ImptDvement  of  the  Arts 
of  PmnUmg  and  Sculpture. 

4,  Optique  de  Portraiture  &  Peinture^  contenant  la  PerJpeBive^  Spectda-'^^te.p.  f^^ 
tive^   &  Pratique  Accomplie  -,  &r.    Far  Gregoire  Huret,  de  1'  Assdemie 
Mioyd  de  Peinture  &  Sculpture.    A  PariSy  16709  in  Pol. 
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C   H  A   P.    X. 

Mufich 

i>ftheTremiiins  I.  TTT  hath  bccn  long  fince  obferved.  That  V[  z  Violfiring^  or  iMejfiring^ 
^i^7[lTh*DT  I  ^  touched  with  the  Bow  or  Hand,  another  String  on  the  fame  or  ano- 
waiik.  n'^is^!  JL  ther  Inftrument  not  far  from  it,  (if  an  Unifon  to  it,  or  an  OSave^  or 
An??6^!''  ^he  like)  will  at  the  fame  time  tremble  of  its  own  Accord.  But  I  can  now 
add.  That  not  the  whole  of  that  other  String  doth  thus  tremble,  but  the 
feveral  Parts  feverally,  according  as  they  are  Unifons  to  the  whole,   or  the 

Ti^.^u.  Parts  of  thatStrmg  fo  ftruck.  For  Inftance,  Supjpofing  AC  to  be  an 
upper  OSave^  to  pty^  and' therefore  an  Unifin  to  each  Half  of  it,,  ftc^ped 
at^.  If,  while  «  y  is  open,  A  C  be  ftruck;  the  two  Halves  of  ttes  o- 
thcr,  that  is,  «p,  and  |3y,  will  both  tremble  5  but  not  the  middle  Point 
at  p.  Which  will  dafily  be  obferved,  if  a  little  Bit  of  Paper  be  lightly 
wrapt  about  the  String  a  y,  and  removed  fucceflively  from  one  End  of  cb^ 
Strbg  to  the  other.      • 

Fix.  iia.         If*  ^^^^  manner.  If  A  D  be  an  Upper  Twelfib  to  a  /,  and  confequendy  aa. 
Unifon  to  its  three  Parts  equally  divided  in  p,  7^ ;  if  «  ^  being  open,  AD 
be  ftruck^  its  three  Pirts  « (3,  (3  y,  yi,  will  feverally  tremble,   but  not 

Fig.  &23.  the  Ppints  ^  y.  In  like  manner,  if  A  £  be  a  dauiU  0£lave  to  a  <,  the  four 
Qn^rters  of  this  will  tremble  when  that  is  ftruck,  but  not  the  Points  0,  y,  t» 

Pii>  124.  So  if  A  G  be  a  Fifib  to  «  « ;  and  confequently  each  Half  of  that  ftopped 
in  D,  an  Unifon  to  each  third  Part  of  this  ftopped  in  p  ^  ^  while  th^  t& 

*  •  ftruck,  each  Part  of  this  will  tremble  feverally,  but  not  the  Points  /3»  y  5  and 

while  this  is  ftruck,  each  of  that  will  tremble,  but  not  the  Point  D.  The 
like  will  hold  in  lefier  Concords  \  but  the  lels  remarkably,  as  the  Number  of 
Divifions  increafes.. 

This  was  firft  of  all,  (as  I  know  of)  difcovered  by  Mr.  Will.  Nobk, 
M.  A.  of  Mcrton  College ;  and  by  him  (hewed  to  fome  of  our  Muficiatu^ 
about  three  Years  fince  \  and  after  him  by  Mr.  Tbo.  Pigot^  A.  B.  of  Wadham 
College^  without  knowing  that  Mr.  Nohle  had  difcover'd  it  before.  I  add  this 
further,  (which  I  took  Notice  of  upon  Occafion  of  making  Trial  of  the  o- 
ther)  that  the  fame  Strings  as  m,  ^,  being  ftruck  in  the  midft  of  C,  each  Part 
being  Unifon  to  the  other,  will  give  no  clear  Sound  at  all,  but  very  confufed. 
And  not  only  fo  (which  others  have  obferved,  that  a  String  doth  not 
found  clear,  if  ftruck  in  the  nudft)  but  alfo,  if  a  J  be  flxuck  at  |3,  or  ^, 
where  one  Fart  is  an  OEfave  to  the  other  \  and  in  like  manner,  if « §  be  ftruck 

jF^.  tz5«      at  p  or  i ;  the  one  Part  being  a  double  OSave  to  the  other.     And  fo  if  «  ^ 

be  ftruck  in  y  or  t^ ;  the  one  Part  being  a  Fifth  to  the  other  5  and  fo  in  other 

.  like  Omfonmit  Divifions  \  but  ftill  the  lefs  remarkablei  as  the  Number  of 

Divi- 
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ivifions  encrealeth.    Tlus  and  the  former  I  judge  to  depend  upon  one  and 

c  fame  Caufe,  viz.  the  contemporary  Vibrations  of  the  feveral  Umjon 

irts  which  make  the  one  tremble  at  the  Motion  of  the  other  :  But,  when 

ruck  at  the  refpeftive  Points  of  Divifions,  the  Sound  is  incongruous,  by 

.eafon  the  Point  is  difturbed,  which  fhould  be  at  reft, 

A  Lute-ftring  or  Viol-ftring  will  alfo  thus  anfwer  to  a  Qmfmant  Note  in 

"^tnd  Inlhuments :  But  not  fo  remarkably  to  the  Wtre-ftrings  of  an  Harpjkbord : 

Old  we  feel  the  Wainfcot  Seats,  on  which  we  fit  or  lean,  to  tremble  con- 

:antly  at  certain  Notes  on  the  Organ^  or  other  fFind  Inftrumenis ;  as  well  as 

t  the  lame  Notes  on  a  Bafs  Viol.    I  have  heard  alfo  (but  cannot  aver  it)  of 

.  thin  fine  Venice  Glafs  cracked  with  the  ftrong  and  lafting  Sound  of  a  Thwr* 

4ti  or  Cornet^  (near  it)  founding  an  Umfon  or  a  Coripmant  Note  that  of  the 

^one  or  Ttng  of  the  Glafs. 

Concerning  thefe  Plhenomemj  an  Exquifite  Solution  is  given  by  Dr.  Nar-  n.  tss,  f.  «;*• 
iffiis  Marjhy  In  Dr.  Pkfs  Natural  Hiftory  of  Oxford/hire. 

IL  The  Extent  of  the  Trumpet  cannot  be  ftriftly  determined ;  it  reaches  as  ^h*  ^*f'«'  4  * 
High  as  the  Strength  of  the  Breadth  can  force  it :  But  by  confidering  its  Notes  t'^^^^ 
Wthin  the  ordinary  Compafs  of  the  Scale  of  Mi^  (from  Double  C-fa-ut  to  ^^^th^r. 
C'fil-fa  in  alt)  the  Nature  of  the  higher  Notes  will  plainly  appear.     Thefe  nfTjisT^^: 
ire  all  fet  down  in  the  Table ;  only  take  Notice,  that  the  Pnck*d  Notes  are  ^:^^\ 
imperfeft,  not  exadly  in  Tune,  but  a  little  Flatter  or  Sharper  than  the  Pla»^        "' '  ^ 
iCes  where  they  ftand,  according  as  /  or  x  is  fet  over  them* 
•    Here  we  may  make  two  Enquiries. 

^  I.  Whence  it  comes  to  pafs,  that  the  Trumpet  will  perform  no  other  Notes 
.<in  that  Compafs)  but  only  thofe  in  die  Table,  which  are  ufually  called  by 
Mificians  Trumpet-Notes. 

2.  What  is  the  Reafon  that  die  jtb^  i  Uby  jjtb  and  i4fb  Notes  are  out  of 
Tune,  and  the  others  exadly  in  Tune. 

In  this  Matter  we  may  receive  fome  light  from  the  Trumpet  Marine^,  an 
Inftrument,  tho'  as  unlike  as  poilible  to  the  Trumpet  in  its  Frame,  one 
being  a  Wind  Itfirument^  the  other  a  Monocbord^  yet  has  a  wonderful  Agree- 
ment with  it  in  its  ESt&. 

The  Sound  is  fo  like,  as  not  to  be  eafily  diftinguifhed  by  the  niceft  Ear„ 
and,  as  it  performs  the  very  izmtNotes^  fo  it  has  the  fame  Defedb  as  a  Trum-- 
pet  5  for,  if  the  Strings  be  ftopt  in  any  part  but  fuch  as  produces  a  Trumpet^ 
Note  :  it  yields  aharfti  and  uncouth  (not  a  Mufical)  Sound. 

Let  us  therefore  proceed  to  our  firft  Inquiry,  and  examine  what  is  the 
Reafon  thatthe  Trumpet  Marine  will  perform  no  other  but  the  Trumpet-Notes. 
It  is  a  known  Experiment  of  two  Unifon  Strings^  that  ftriking  one  of  them 
moves  the  other  5  which  probably  proceeds  from  hence,  that  the  Impulfes  of 
the  Air,  which  are  made  by  one  String,  do  more  eafily  fet  another  in  Moti»- 
«Mi,  which  lies  in  a  Difpofition  to  have  its  Vibrations  Synchronous  to  them,, 
than  a  Third,  whofe  Motion  would  be  crofs. 

We  may  improve  this  a  little  farther,  by  obfervingthat  a  String  will  move 
not  only  at  the  Striking  of  an  Unifon^,  but  an  Btb  or  iithy  tho*  after  a  diffe- 
rent Manner..  1£ 
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Jp^i'  aar*  If  an  Ukifin  be  ftruck,  it  makes  one  iniire  Vibration  iti  the  wbok  String, 
and  die  Motion  is  moft  fenfibly  in  the  midll  at  »,  for  there  the  Vibratioas 
talce  the  greateft  Scope. 

JF/g.228.  If  an  8/A  is  ftruck^  it  makes  two  Vibrations;  and  the  Point  m  isim 

manner  Quiefcent,  and  the  rngft  fenfible  Motion  at »,  n. 

p.  If  a  1 2)(A  be  ftruck,  then  it  makes  three  Vibrations :  and  the  greateft  Mo- 

tion at  9, 497, 9 ;  and  hardly  to  be  perceived  at  p,  p.    So  that  in  (hort,  thif 
Experiment  holds  when  any  Note  is  ftruck  which  isj  an  Unifon  to  half  |  the 
String,  and  a  i%tb  to  a  third  Part  of  it. 
Fig.  130,  In  this  Cafe,  (the  Vibrations  of  the  equal  parts  of  a  String  being  fynchro- 

nous)  there  is  no  Contrariety  in  the  Motion,  to  Wnder  each  other ;  whereas 
it  is  otherwifc,  if  a  Note  is  Unifon  to  S,  that  does  not  divide  the  String  ii^ 
.      equal  Parts  ;  for  then  the  Vibrations  of  the  Remainder  r,  not  fuitipg  with 
thofe  of  the  other  Parts,  immediately  make  a  Confufion  inthe  whple* 

Now  in  the  Trumpet-Marine^  you  do  not  ftop  clpfe,  as  in  other  InftrttmMs^ 
but  touch  the  String  gently  with  your  Thumb,  whereby  there  is  a  mutual 
Concurrence  of  the  upper  and  lower  part  of  the  String  to  produce  the  Sound. 
This  is  fufficiently  evident  from  that.  That  if  any  thing  touches  the  Stcu^ 
below  the  Stop,  the  Sound  will  be  as  efedually  fpoiled^  as  if  it  were  hod 
upon  that  Part  which  is  immediately  ftruck  with  the  Bow.  From  heiKe 
therefore  we  may  colled,  that  the  Trumpet  Marine  yields  no  MufiadSoxmA^ 
but  when  the  Stop  makes  the  upper  part  cjf  the  Strivg  ap  Jlifu^toi  the  Re* 
mainder  and  confequently  of  the  whole  Otb^rwife,  as  we  juft  now  remai:kedj 
.  the  Vibrations  of  the  Parts  will  ftop  one  another,  and  make  a  S<hkk1  ftata* 
ble  to  their  Motion,  ateogether  confufed. 

Now  th^t  thefe  Mqmt  Parts  are  the  vo'y  Stops  which  produce  the  Tnw* 
pet-Notes  J  fhall  be  plainly  Ihewn  in  the  treating  of  the  iecond  Inquuy,  w?. 
What  is  the  Reafon  that  .the  7/is,  iith^^^lk^  i^tb  N(>Us  «re  out  of  Tune  ^ 
and  the  reft  exactly  in  Tune. 
AM  Writers  of  the  Mathematical  Partpf  Mu^k  fi^ee, 

fHalf  1  Tan  Eighth 

That  by  \a  Third  Part  f  >aFif& 

Shbrtning  ac  a  Feucth  ^the  Sound  is  r^ed'va  Fourth 

String         Ja  Fifth  IL  VaSharp Third 

la  Sixth  J  Capiat  Third. 

From  this  Foundation  all  the  other  N^es  are  derived.  The  Fldt  and 
Sharp  Sixth  are  to  be  the  Flat  and  Iharp  Third  to  the  Fourth^  and  the  7*  the 
like  to  the  5/* ;  The  Second  to  be  a  Fifth  to  the  Fourth  bclpw^  t^c  By 
this  Rul^  let  us  examine  what  Notes  a  Monocbord  fretted  in  its  jfUi^wt  P«^4 
will  produce. 
Ftf .  131.  Suppofe  the  Monocbord  F  to  confift  of  720  Parts,  and  its  Tone  D(mik 

Cfa-ut^  the  firft  Note  in  the  Tables  then  Half  of  it  will  be  36a,  and  atttW 
Part  240,  &fc 

Now 
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Now  I  fay,  fretting, .  (or  Stopping  vdth  the  Thumb)  at  360  muft  produce 
C-fa-ut  \  becaufe  360  being  half  720)  the  Sound  wiU  rife  an  Eighth  from 
double  C-fa-ut.  Again  360  being  C-fa-uty  240  muft  make  G-foUre-ut^  the 
third  Note  in  the  Table }  becaufe  240  being  juft  a  Third-part  lefs  than  360, 
the  Sound  will  rife  a  Fifth  from  that  Note.  After  the  lame  manner  pro- 
ceeding Step  by  Step  it  will  be  evident  that. 


180 

144 
120 
90 
80 
72 
60 
48 
45 


.a 


240 
180 
144 

180 


s 


^ 


i2o>-':7< 
90 

L  90J 


fa  Fourth 
a  Fifth 
a  Sixth 
Half 
a  Third 
aFifax 
a  Third 
a  Fifth 
Half 


0) 


C^foUfa^ta  the  fourth^ 

E-la-mi  fifth 

G'/ol-re-ut  6th 

C^fol'fa  8th 

>'B  ^  D'la^fil  9th 

■  S[,|£-/ia  loth 

G-fol-re-ta  12th 

B-fa-b-mi  15th 

C-/tf/-/a  i6th. 


J 


By  the  fame  Reafon, 


which 
is  leis 
than 


And  confequently. 


(B'fa^^mi  Flat^ 
F'fa-ut^ 
A-la-^m-rey 
Bforh-mi  FlaU 

Which  anfwcrs  the  fccond  Inquiry. 

Now  to  apply  this  (in  a  few  words)  to  the  Trumpety  where  the  Notis  arc 
produced  only  by  the  different  Force  of  the  Breath  5  it  is  reafonable  to  ima- 
gine that  the  ftrongeft  Blaft  raifes  the  Sound  by  breaking  the  Air  within  the 
Tube  into  the  Ihorteft  Vibrations,  but  that  nomufical  Sound  will  rife,  unlefs 
they  are  fuited  to  fome  aUquot  Part^  and  fo  by  Reduplication  exadtly  meafure 
out  the  whole  Length  of  the  Inftrumentj .  as  in  Fig.  229.  for  otherwife  a  Re- 
mainder will  caufe  the  fame  Inconvenience  in  this  Cafe,  as  in  Ftgi  230.  To 
which  if  we  add,  that  a  Pipe^  being  Ihortencd  acccording  to  the  Proportions 
we  even  now  difcourfed  of  in  a  Stringy  raifes  the  Sound  in  the  fame  Degrees, 
it  renders  the  Cafe  of  the  Trumpet  juft  the  fame  with  the  Monocbtnrd. 

For  a  Corollary  to  this  Difcourfe,  we  may  obferve  that  the  Diftances  of  the 
Trumpet  Notes  ^  afccnding  continually,  deaeafcd  in  Proportion  of  t,  t,  t,  i,  7, 
in  infinitum.     Fof, 

Vol.  I.  liii  The 
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{Second         iNotc  in  th^TFirft  1      ftV 

Thk d  }  Table,  diflfers  <  Second       >  by  U  V  of  theS/rw^,^^. 

Fourth,  (^c.  J  from  the        i  ThW,  &V.  3      L^  J 

Thi  vivifm  rf      III.  Any  Stris^  or  O^J  of  a  Mnjicai  If^ftrtmmt  Oftn  (or  at  its,  fall  length) 

ch^''°^j>r.    ^^^  ^owndi  (what  we  call)  an  OStive  (or  Biap^an)  to  that  of  the  ^uzie 

J.  waiVtf,     *    String  ftopt  in  the  Middle,  or  at  half  its  Length;    Hence  it  is,  that  we  com- 

S^^'in^fegg.  monly  affign  to  an  OBave^  the  Diiple  Ftopoitioa  (or  dftt  of  2  to  i )  becaufe 

'  fuch  is  the  Proportion  of  Lengths  f  taken  in  the  fame  S^fig)  which  give 

thofe  Sounds,  And  (upon  a  Kfee  Account)  we  afllgn  to  a  Rfih  {pcDu^ente) 

the  Sefqui-aber  Proportion  (or  that  of  3  to  2.)    And  to  a  F9iatb  (or  Dia^ 

teffaron)  the  St/qui- tertian  (or  that  of  4  to  3.)    And  tp  a,  Tone  (whiph  is  the 

Difierence  of  a  Fourth  and  Fifib)  the  Sefyui-aOavt  Cor  that  of  9  to  8  :) 

Becaufe  Lenjgths  (taken  in  thi?  feme  Stritig)  m  thefe  ProportionQ^  do  ^ve 

fuch  Sounds. 

And  (univerfally)  whatever  Proportion  of  Lengdis  (t^en  ia  the  £une 
String  equally  ftretched)  do  give  fuch  and  fuch  Sounds  *»  fuch  Proportions 
(of  Gravity)  we  affign  to  the  Sounds  fe  ^ven. 

But,  when  an  Eigfitb  (or  OStave)  is  faid  (in  common  Speech)  to  confift  of 
12  Hemi'toneSy  or  i Tones ;  thi^s  i&not  |o  be  uader^Qod  acQon^ng  to  the  ut- 
moft  Rigour  of  l\4d^tnaf;c^EfCB&tke£^  (of  fuch  6  Tones)  4s  wlut  they  call 
the  Diazeutick  Tone^  or  thai:  oi  la^  m^  which  is  the  Difitr^ce  of  a  Fourth  and 
Fifth  %  but,  a&  exad  enough  for  ronunon  Ufe.  for  6  ftich  Tones^  (that  is, 
the  Proportion  of  9  to  8,  6  times  repeated)  is  fomewhat  more  than  that  of 
an  OScme^  for  the  Proportion  df  2  to  i.)  And  confequently,  fuch  an  Uem^ 
tonty  is  fomewhat  more  than  the  Twelfth-part  of  an  Eigkh  or  Oitaw^  or 
Diapafim.  But  the  Difference  is  fo  Utde^  that  the  Ear  can  havdly  diftinguiih 
it :  And  therefore  fin,  common  %6ech)  it  is  ufual  fo  to  igeek. 

And,  aoccx'dingly,  when  we  are  direded  to  take  the  Lengths  (for  what  are 
called  the  1 2  Htm'4Mfs)  in  Qsometried  IVoportion,  it  is  to  be  underflood  (not 
to  be  fo  in  the  utmoft  Stridnefs,  but)  to  be  accurate  enough  for  commcm 
Ufe,  for  placing  the  Fr-etson  <JieNe(^of  zFifiU  or  other  Muficd Itfirument^ 
wherein  a  greater  Exailnels  is  not  thought  neceffary.  And  this  is  very  con- 
venient, booeufe  (thus)  the  Clw^  of  the  £fy  (upon  altering  the  Seat  of 
m)  give&no  new  Trouble,  for  dus.  doth  indii^oiiiy  lerve  any  Kiy  \  and 
the  Di£S^rence  is  fb  fmaU,  as  not toofend  the  EaP!. 

But  thofe  who  chufe  to  tratt  df  it  y^ik  pioce  Exa&ne&i  .go  this  way  to 
worit. 

Prafuppofing  die  Propoidon  foe  an  Oame  (or  Dia-fafim)  to  be  that  of  a 
to  I ;  they  divide  this  into  two  Propondona ;  not  jiift  equal  (for  that  would 
fall  upon  the  Surd  Numiocrs,  as V  ^U^ti)  but  near  ^ual  (fo  a$.  to.be  < 
prefied  in. fmall. Numbers*)  In  order  tq  which»  inftcad  of  tahJDg  2  «a  i,  tk^ 
take  (the  Double  of  thefe  Numbers^  4  to  a ;  (which  is  the  fame  Pre 
portion  as  be&re  y)  and  naierjpo&  the  Middle  Nuniber  3.    And  of  thei 
three  NumbecB,  4,  s,  2,  diat  of  4  to  3^  ia  the  Proportion  of  a  Four  iff  (or 
Sfia-tepTM.)  And  that  of  3  to  2,  the  Proportion  for  4,  Pft^  C»  ^^*^ 

3  ^^^-^ 


(6iO 

penie.)    And  thefc  two,  put  together,  make  up  that  of  an  Offa^e  (or  Dia- 
pafoftj  that  of  4  to  2,  (or  2  to  i.)    And  the  Diflferencc  of  thofe  two,  that  ■ 
of  a  Tone^  or  9  to  8.    As  will  plainly  appear  in  the  ordinary  Method  of 

mUiphinz  tod  divi^ng  FraaionSy  That  is,    -^x-^rr-^sc— .      And  *) 

3221  3 

i  (9 

Thus  in  the  conimoh  Scale  (or  Gain-ui)  taking  an  OUave^  in  thele  Notes, 
ta^fa^fihla^miyfa^filjlai  fuppofe  frdm  E  to  ^  (placing  «/,  B-fa-b-tni^ 
which  is  called  the  natural  Scale  j)  the  Lengths  for  the  Extremes  ta^  la^  an 
OUavCy  are  as  2  to  I,  dr  12  to  6.  Thofe  for  fa,  fa,  (In  la^fayfol^  la,)  or 
w/,  fa,  (in  fnij  fa^fil^  la^)  a  Fourth^  as  4  to  3,  or  12  to  9,  or  8  to  6, .  Thofe 
for  fa,  w/,  {in  lay  fay  foly  lay  miy)  or  fa,  fa,  (in  fa,  IfiUfdyfih  faO  a  ^(/if*,  as 
5  to  2i,  or  12  to  8,  or  9  to  6.  Thofe  fot  fa,  mi^  the  Diazcutick-Tone  (or 
Difference  fif  a  I'^^/Z^  and  F(^/*,  as  9  to  8.  So  havd  we  idi  thefc  four  Notei 
fa,  fa,  miy  la^  their  piropoftbnate  Length  in  the  Numbers  12,  9,  8,  6. 

Then,  if  we  proceea  in  like  manner  to  divide  a  Piftb  (or  Dia-periiey)  Idy 
fayfoly  fa,  «»/>  or  fa,  mtyfayfily  fa,  or  the  Proportion  of  3  to  a,  into  near  E- 
quals,  (taking  double  Numbers  in  the  fame  Proportion,  6,  4  \  and  i^terpo* 
fing  the  middle  Number  5 ;)  of  thefe  three  Numbers,  6,  5, 4,  that  of  6  to  5^ 
is  the  Proportion  of  a  Zc^ijr  ?&r^  (called  a  ^ri-bemitoncy  or  Ti*^  and  Hidf,) 
as  fa,  /tf,  (in  fa,  miy  fa.)  And  diat  of  5  to  4,  is  the  Proportion  of  the 
p'Cater  7birdy  (commonly  called  a  Diioncy  or  two  ToneSy)  z&fay  fa,  (in  fa^ 

>W,  fa,)  which  twof  put  togfethtir  taaka 9l Plfib^  a^  jtd2;  that  is  ^xi 

-:-r=-^;  and  their  Difference  18,  as  25  to  24:   That  is --) -^  ('-^ •    So 

have  we  for  thefe  3  Notes,  fa,  /i,  fa,  their  prdportioinate  Lengths  io  Numh 
bers,  as  6,  5,  4. 

In  like  manner,  if  we  divide  a  Ditoney  (otgriatir  Tlirdy)  as  /n,  fa,  (ih 
/tf,  fcly  fa,)  whofe  Proportion  is  as  5  to  4,  (or  10  to  8,J  into  two  near  E- 
quals  (by  help  of  a  middle  Number  9  i)  thicn  have  we  (in  thefe  three  Num- 
bers 10,  91  8,)  that  of  10  to  9,  for  (what  they  cd!)  the  lejffer  Jme :  And  . 
that  of  9  to  8,  for  (what  they  call)  the  greaier  Itme. 

But,  whether /«,  >/j  Ihati  be  made  die  L^et  (as  ic  to  9,)  andyW,  fa,  the 
GreatcTy  (as  9  to  8  j)  or.  This  the  LefJeTy  (as  10  to  9,)  and  that  the 
Creaiery  (as  9  to  8,)  or  fomc  time  This,  fome  time  That,  as  ther6  is 
occa&m,  (to  avoid  what  diey  call  a  Scbijm  *,)  is  fomewhat  indifierent* 
For,  either  way,  the  Compound  will  be  as  5  to  4;  And  the  Difference 

(which  they  call  a  CmlMy)  as  8t  to  80.    This  is-|x^5=-x-|3s-r 


=  i.    Andl?)|(i'; 
4  98  % 


liiia  Laftly. 
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Laftly,  if  from  that  of  the  "tri-bmi'tm  (or  Lejjer  tbiri)  la^  m^  fa^ 

whofe  Proportion  is  as  6  to  5  ;  we  take  that  of  the  fone^  la^  mij  (which  ia 

the  Difference  of  a  Fourth  and  Ttftb)  as  9  to  8  ;  there  remains  for  the 

g      6    48 
Hemi-tone^  miy  fa^  (or  /«,  A)   that  of  16  to  15,     That  is-|)  -  (- 

o      5    45 

Or,  the  Tri-bem-tone  (or  kJUer  Tbird)  whofe  Proportion  is  as  6  to  5, 

may  be  divided  into  three  near  Equals,  (by  taking  triple  Numbers,  in  the 

fame  Proportion  i8»  155  and  interpofing  the  two  Intermediates  17,  16;) 

which  will  therefore  be  as.  18  to  17,  and  as  17  to  16,  and  as  16  to  15; 

^,     .     18     17     16     18     6 
That  IS,   —  X  4x  —=—=:-. 
17     16     J5     15      5 

Where  aifo  tht  greater  Tonej  whofe  Proportion  is  as  9  to  8  ot  18  to  16, 

is  divided  into  its  two  near  Equals  (conmionly  called  Hemi-totusj)  that  of 

I R     1*7     f  S      o 

18  to  i7i  and  that  of  17  to  16 :  That  is,   —  x  -/=-.=  — 

17      lO      10       o 

And  the  lejffer  Tone^  that  of  10  to  9,  or  20  to  18,  may  be  in  like 
manner  divided  intodiatof  20  to  191  and  that  of  19  to  18  :  That  is, 
20     19 20 10 

19  18      18  "*  9' 

Which  Divifions  of  the  Greater  and  Leffer  Tom  anfwer  to  what  is  wont 
to  be  defigned  by  Flats  and  Sharps. 

So  that  (by.this  Compofition)  of  thefe  Eight  Notes,  la^  fajfol^  la^  m^ 
fa^pdy  la^  their  Proportions  ftand  thus;  that  of  la^fa^  (or  mi^fa^  is  as  1 5 
to  15.  That  di  fa^  fol^  as  lo  to  9,  and  that  of  yi/,  la^  as  g  to  8 ;  (orclfc 
that  oi  fa^folj  as  9  to  8,  ^nd  that  of  fol^  la^  as  10  to  9.)  That  of  la^  mi^  as 
.9  tp  8,  And,  if  either  of  the  Tones  {Greater  or  Lejer)  chance  to  be  divided 
(by  Flats  or  Sharps)  into  (what  they  call)  Hemi-tones^  their  Proportions  arc  to 
be  fuch  as  is  already  mentioned. 

There  may  be  a  like  Divifioa  of  a  Fourth^  (or  Dia-tejfaron)  into  two  Near 
Equals :  And  of  fome  others  of  thefe,  into  three  Near  Equals.  Which  might 
be  of  ufe  for  (what  they  were  wont  to  call)  the  Cbromatick  and  Enarmomck 
Mu/ick.  But,  thofe  forts  of  Mufick  having  been  long  fince  laid  afide,  there 
is  now  aoxiccci  of  thefe  Divifions,  as  to  the  Mufick  now  in  Ufe. 

Tutm^edim  IV.  I  think  'tis  evident  that  the  Pipe  in  the  Organ  is  intended  to  exprcfe 
tor^jTyfrn.^  Diftinft  Sound  at  fuch  a  Fitch i  that  is,  in  fuch  a  Determinate  Degree  of 
ji.  a+x.V.  x^^lGravity  or  Acutenefs ;  or  (as  it  is  now  called)  Flatnefs  or  Sharpnefs  •,  And  the 
jaiy,Aa.i69t.jielativeor  Comparative  Confideration  of  Two  (or  more;  fuch  Sounds  or 

Degrees  of /^/»^  or  Sbarphefs^  is  the  Ground  of  (what  we  call)  Concord 

^i^Difcord-y  thatisafoft,  or  harlh  Coincidence. 

Now 
3 
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Now  concerning  this,  there  were  amoi^ft  the  Anticnt  Creeks^  Two  (the 
moft  confiderable)  Sefts  of  Muficians :  the  Ariftoxenians^  and  Pytbagareans. 

They  both  agreed  thus  far ;  that  Dia-tejfaron^  and  Dia-penfey  do  together 
make  up  Diorpafon ;  That  is  (as  we  now  fpeak)  a  Fourth  and  Fifth  do  to- 
gether make  an  Eighth  or  ORave  :  Andi  the  Difference  of  thofe  two,  of  a 
Fourlh  and  Fifths  they  agreed  to  call  a  TanCy  which  we  now  call  a  fThole 
Note. 

Such  is  that,  fin  our  prefent  Miffick^)  of  la^  miy  (or,  as  it  was  wont  to  be . 
called,  rCy  mi.)  For  hyfa^Jol^  hy  or  miyfay  foly  hy  is  a  perfeft  Fourth:  And  ^ 
Uiyfuyfoly  Icy  futy  oT  Idj  tuiy  fa,  fily  kiyy  IS  a  perfedt  Fifth:  The  Difference  of' 
which  is  lay  miy  which  is  what  the  Greeks  call  the  Diazeutick-Tone ;  which 
doth  disjoin  two  Fourths  (on  each  fide  of  it;  and  being  added  to  either  of 
them  doth  make  a  Fifth  5  Which  was,  in  their  Mujick^  that  from  Mkfe  to 
Paramefe  5  that  is  in  our  Muficky  from  A  to  B :  Suppofing  mi  to  ftand  in  5- 
fa-b-miy  which  is  accounted  its  Natural  Pofition. 

Now  in  order  to  this,  Ariftoxems  and  his  Followers  did  take  that  of  a 
Fourthy  as  a  known  Intervaly  by  the  Judgment  of  the  Ear ;  and  that  of  a 
Fifth  Ukewife:  And  confequendy  that  of  an  OSfavey  as  the  Aggregate  of 
^   ,  ^      both ;  and  that  of  a  Toney  as  the  Difference  of  thofe  Two. 
L^  And  this  of  Tone  (as  a  known  Interval)  they  took  as  a  common  Mea- 

^  furc,  by  which  they  did  eftimate  other  Intervals:  And  accordingly  they  ac- 

counted a  Fourth  to  contain  two  Tones  and  a  Half  5  a  Fifth  to  contain  three 
?Wi  and  a  Half,  and  confequendy  an  Eighth  to  contain  (ix  Tones ;  or  five 
yiwj  and  two  Hdf  Tones. 

And  at  this  Rate  our  Prailical  Muficians  talk  of  Notes  and  Half  Notes  at 
this  Day  5  fuppofwg  an  O^^it;^  to  confift  of  twelve  Hemi-tonesy  or  Half 
Notes. 

But,  Pythagoras  and  thofe  who  follow  him,  not  taking  the  Ear  alone  to  be  a 
Competent  Judge  in  a  Cafe  fo  nice,  chofe  to  diftinguim  thcfe,  not  by  Equal 
Intervalsy  but  by  Due  Proportions :  And  this  is  followed  by  Zarline^  Kepler^ 
Cartesy  and  others,  who  treat  of  Speculative  Muftck  in  this  and  the  laft  Age. 
Accordingly  they  accounted  that  of  an  OSave,  to  be,  when  the  Degree  of 
Gravityy  or  Acutenefs  of  the  one  Sound  to  that  of  the  other,  is  Double,  or  as 
2  to  I  ;  that  of  a  Fifthy  when  it  is  Sefqui-altery  or  as  3  to  2  :  that  of  a  Fourth 
when  Sefqui'tertiany  or  4  to  3.  Accounting  that  the  fweeteft  Proportion, 
which  is  exprefs'd  in  the  fmalleft  Numbers,  and  therefore  (next  to  the  Unifin) 
that  of  an  OQavey  2  to  i,  then  that  of  a  Fifthy  3  to  2,  and  then  that  of  a 
Fourthy  4  to  3. 

And  thus  that  of  a  Fourth  and  Fifth  do  together  make  an  E^hth ;  for 

-1  X— =— =— =  2,  or  the  Proportion  of  4  to  3,   compounded  with 

that  ot  3  to  2,  is  the  fame  with  that  of  4  to  2,  or  2  to  i.     And  confe- 
quendy, the  Difference  of  thofe  two,  which  is  that  of  a  TonCy  or  Full  Note, 

is  that  of  9  to  8.    For  — )  —    (-^  ;  or,  if  out  of  the  Proportion  of  3  to 

2,  we  take  that  of  4  to  3  •,  the  Refult  it  that  of  9  to  8.  Now, 


(614) 

Now  accordmg  to  tlni  Computatioii»  it  h  manifeft,  that  an  OShve  is 
fomewhac  kfs  than  Six  Full  Notes.  For  (as  was  firft  dcmonftrated  by  £i». 
cUdj  and  fincc  by  others)  the  Proportion  of  9  to  8,  being  fix  Times  com- 
pounded, is  fomewhat  more  than  that  of  a  to  1,    For  -f  ^  -5  x  -|  x-| 

8808 

X -?  ^ -I  =  ^^  ^  '^  IS  more  than  ^/i,,,  =  — . 
8       8       262144  262144       I 

This  being  the  Cafe  5  they  allowed  (indifputobly)  to  that  of  the  Il«- 
:ceutick  Tone  {la^  mu)  the  full  Proportion  of  9  to  8,  as  a  thing  not  to  be  al-* 
tered ;  being  the  Dmcrence  of  the  Dia-pente  and  Dia-teffaron^  or  the  Fifib 
and  Fourth. 

All  the  Difficulty  was,  How  the  remaining -Rwr/^  {nA^fa^foU  ^,)  fhould 
be  divided  into  three  parts,  ib  as  to  anfwer  (pretty  near)  the  Arijioxeniam 
Two  Tones  and  a  half :  And  might,  all  tog;ether,  make  up  the  Proportion  of  4  ^ 
to  3,  which  is  that  of  a  Fourth  or  Dia-tejfaron^ 

Many  Attemps  were  made  to  diis  porpofe :  And  according  to  thofe» 
they  give  Names  to  the  Different  Genera  or  kinds  of  Mff/ick^  (the  Diatonirt 
Chromatick^  and  Enarmmick  Kinds,)  with  the  feveral  Species^  or  lefler  DiCtin* 
&ions  under  thofe  Generals. 

The  firft  was  that  of  Euclid  (which  did  moft  generally  obtain  for  many 
Ages :)  Which  allows  to  fa^  fil^  and  to  fol^  la^  the  full  Proportion  of  9  to  8  ; 
And  therefore  to  fOyfoU  t^%  (which  we  c^  the  Greater  uhirij  that  of  81  to 

64.    (For  •?  x-|  =  7"^)    And,  confequently,  to  that  of  Afi,  fa^  (which 
8       o        04 

is  the  Remainder  to  a  Fourth)  that  of  256  to  243.    Foif  r-)  —   (-^5 

that  is  if  Mt  of  thie  Proportion  of  4  to  3  we  take  that  of  81  to  64,  the 
Refult  is  thai  of  256  to  243.  To  this  they  give  the  Name  of  Unma  (xir/*fM) 
that  is,  the  Reminder  (to  wit,  over  and  above  two  Tones.)  Butf  in  com- 
mon I^comrfe  (when  we  do  not  pretend  to  fpeak  nicely,  nor  intend  to  be  ib 
nnderftood^  it  is  ufiial  to  call  it  an  Hemi-iene^  or  Half-Note^  ("as  being  veiy 
near  it)  and  the  ether.  Two  Whole  Notes.  And  this  is  what  Ptolernj  calls 
JXatonum  Ditonum^  (of  the  Diatomek  kind  ynik  Two  Full  Tones.) 

Ag^nft  this  it  is  obje&ed  (as  not  the  moft  convenient  Divifion)  that 
the  Numbers  of  81  to  64,  are  too  great  for  that  of  a  Ditone^  or  Greater 
Tbirdi  which  is  not  harfii  to  the  Ear ;  but  is  rather  fweeter  than  that  of  a 
fingle  Tone^  whofe  Proportion  is  9  to  8.  And,  in  that  of  256  to  243,  the 
Numbers  sn  yet  much  greater.    Whereas  there  are  many  Proportions  (as 

**9  —9  -|»  — ,  in  fmaller  Numbers  than  that  of  9  to  8  j  of  which,  in  this 
4567  ^ 

Divifion,  there  is  no  Notice  taken. 


To 
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To  leftify  thii,  there  k  anodicr  IXvifion  thought  mem  convenient ; 
which  is  Ptoknrfs  Diatonum  Intiufim  (of  the  DiaO^ck  Kind,  flEiore  httnji 
or  ^cute  than  that  other)  which  inft^  of  two  JPuH  ^ones  for  fa^  fol^  k^ 
afljgns  (what  we  now  call)  a  Greater  and  a  Lejfer  Tone ;  (which  by  the 
more  Nice  Muficians  6i  this  and  the  laft  Age  fe^ms  to  be  more  embraced  \) 
Affigning  to  fa^folj  that  of  9  to  8,  (which  they  call  the  Greater  Tone  5) 
and  to  fol^  lay  that  of  10  to  9,  fwhich  they  call  the  Lejffer  Tone:)  And 
therefore  to  fa^  la^  (the  DitOite  or  Greater  Third)  that  of  5  to  4.    (For 

-?  X  ^  =  ^  =3  Aj    And  confcqucntly  to  mi^  fa^  (which  is  remaining  of 

the  Fourth)  that  of  \S  to  15.    For  -)  -  ( -.    That,  if  out  of  that  of  4 

to  3  we  take  that  of  5  to  4,  there  remains  that  ol  16  to  15. 

Many  other  ways  there  aie  (wiih  wlikh  I  flto^  not  trouble  you  at  pre* 
fent)  of  dividing  the  Fourth  or  'Dia^te^on^  or  the  proportion  of  4  to  3,  in- 
to three  Farts,  anfwering  to  what  (in  a  loofer  way  of  exprefiion)  we  call  an 

half  Note^  and  two  whole  Notes.    But  thisof^x-?^—  =  -"»   is   that 

15     8     9       3 
which  is  now  received  as  the  moft  proper. 

To  which  therefore  I  fliall  apply  my  DUcourie  5  where  —  is  (what  we 

call)  the  Hemi-Toney  or  Half-Notey  in  «tf,  fa  5  i  that  of  the  greater  Tone^ 

8 

mfay  y^  and  •*-  the  kffer  Tone^  iny«/,  la. 
9 
Only  with  this  Addition;  that  each  of  thdCe  Ti^mr,  is  (i^oq  OccafiM) 
by  Eats  and  Sharps  (as  we  now  fpeak)  divided  into  two  Hmi-tms^  or  fia^ 
Note^, ;  Which  anfwers  to  what  by  the  Greeks  was  called  Mutaiio  quoad  Modse 
(the  Change  of  Mood ;)  and  what  is  now  done  by  removing  mi  t%  another 

V       iLT      1     9     ^8     18     17         ,  10    zo    20     19 

Key.    Namely  ^=^^=^  x  -/  j.  and  —  =-■  =—  x  ^. 

•^  "^   8     16    17     16*  9      i8     19     18 

Thusbythe  helpofi^j  md Sharps (Aviding e^ch  whole  Note^  bekthe 
Greater  or  Z^r,  into  two  Half  NoteSy  «  what  we  call  fo,)  the  whole  Olfave 
h  divided  into  Twdve  parts  or  Intervals  (contained  between  Thirteen  Pipes) 
which  are  commonly  cmcd  Hend^tonesiyr  Half- Notes  5  not  that  each  isprecife- 
ly  Halfz  NotOy  but  fomcwhat  near  k,  and  fo  called.  And  I  fay,  by  F&ts  and 
Sharps  y  for  fomctimc  die  one,  fometime  the  other  is  ufed.  As  for  Inftance, 
a  Flat  in  D,  or  a  Sharp  kkC^  do  either  of  them  denote  a  Middling  Soiuid 
(tho*  not  precifcly  in  the  Midft)  between  C  «d  D  5  Sharper  ^lan  C,.  and 
Flatter  thsLXkD. 

A£cor«- 
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Accordingly,  fuppofing  mi  to  ftand  in  Bfa-b^mi  Cwhich  is  accounted  its 
Natural  Scat)  the  Sounds  of  e&h  Pipe  arc  to  bear  thefc  Proportions  to  each 
other,  viz. 


B  .  C 

m 


i  .fa  .  :^  .  fol  *  9^  .  la  .  fa  .  :^  ,  fol  .  :^  .  la  .  9}!.  .  mi 
16     18  17  20  19  ID  18  ly  20  19  18  17 
TJ  T7  16  19  18  15  17  ,16  19  18  17  16 


9 
8 


10 
9 


4 


2 

I 


8 


4 
3 

3 
2 


10 
9 


9 


And  fo  in  each  OSave  fucceflively  following.  And,  if  the  Pipes  m  each 
0£lave  be  fitted  to  Sounds  in  thefe  Proportions  of  Gravtiy  and  Acuienefs^  it 
inll  be  fuppofed  (according  to  this  Hypotbefis)  to  be  perfeftly  proportioned. 

But,  inftead  of  thefe  fucceflive  Proportions  of  each  Hemi-tone ;  it  is  found 
neceiTary  (if  I  do  not  miftake  the  Pra£dce)  fo  to  order  the  1 3  Pipes  (containii^ 
12  Intervals  which  they  call  Hem-tones)  as  that  their  Sounds  (as  to  Gravip 
and  Aoitenefs^  be  in  continual  Proportion,  (each  to  its  next  following,  in 
OStanje  or  Dfa-pajon^  as  2  to  1.  Whereby  it  comes  to  pafs  that  each  Pipe 
doth  not  exprefs  its  proper  Sound,  but  very  near  it,  yet  fomewhat  varying 
from  it ;  which  they  call  Bearing  ;  which  is  fomewhat  of  Imperfedion  in 
this  Noble  InftnmenU  the  Top  of  all. 

It  may  be  afked,  why  may  not  the  Pipes  be  fo  ordered,  as  to  have  didr 
Sounds  in  juft  Proportion,  as  well  as  thus  Bearing. 

I  anfwer.  It  might  very  well  be  fo,  if  all  Mufick  were  Compofei  to  the  fame 
Key^  or  (as  the  Greeks  call  it)  the  fame  Mbde ;  as  for  Inftancc,  if,  b  aB 
Compofitions,  «/,  were  always  placed  in  B-fa-b-mi.  For  then  [the  Pifts 
might  be  ordered  in  fuch  Proportions  as  I  have  now  defigned. 

But  Mufical  Compofitions  are  made  in  great  Variety  of  Modes^  or  with  great 
Diverfity  in  the  Pitch.  Mi  is  not  always  placed  in  B-fa-b-mi  -,  but  fomctimes 
in  Eta-mi^  fomctimes  in  A-Ui-mi-re^  &c.  And  (in  Sum)  there  is  none 
of  thofe  12  on  3  Pipes  but  may  be  made  the  SeiU  of  «w.  And,  if  they  were 

«  cxaaiT 
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czaAty  fitted  to  any  one  of  thde  Cafes,  they  w:>u\d  be  quite  out  of  Order 
for  all  the  reft. 

As  for  Inftance ;  If  mi  be  removed  from  B-fa^h-mi^  (by  a  Flat  in  B)  to 
E-la-mu  inftead  of  the  Proportions  but  now  defigped*  they  muft  be  thus 
ordered. 


B  .  *  .  G  .  *  .  D  .  «:  .  E  .  F  .  *  .  G  .  *  .  a  .  b 
fa  .  Sj(,  ,  fil .  jj(.  .  la  .  ^  .  mi  .fa  .  iff.  .  fil  .  iff,  .la  .  fa. 
i8     17   ^  J19     18     17     16    18    17     20    19     16 
17     TS"    19  18     17    16     15    17    16     19    i&     15 


irbere 'dsmanifeft,  that  the  JRemov^d  of  01/ doth  quite  dlfbrderthe  whole 
Series  of  Proportions.  And  thelaqie  would  again  happen,  if  m  be  removed 
from  £  to  A  (by  another  FliU  in  £,)  and  again,  if  removed  from  A  to  D. 
And  fo  perpetually.'  But  the  Hemii&nes  being  m^e  ail  equal,  they  do  indif- 
ferently anfwer  all  the  Pofitions  of  mi  (tho*  not exaftly  to  any;)  yet  nearer 
to  fome  than  to  others.  W]aenoe  it  is,  that  the  fam^e  Tune  founds  better  at 
one  Ke')  than  at. another. 

It  is  afkcd,  ^-hether  this  ux^  not  be  renoedy'd  by  intesppfing  more 
Pipes  \  and  thereby  dividing  a  Isote  not  only  (as  now^  into  Hatf  Notes  ^  but 
into  ^iuarter-NoteSf^  or  Half-Sitfatter-Nates^  &c. 

I  anfwer ;  It  may  be  thus  r^medy'd  in  Part  y  (that  is,  the  Imperfe&ion 
might  thus  be  fome  what  lefs,  and  the  Sounds  fomewhat  nearer  to  thejuft 
Proportions :)  but  it  can  never  ^  exa£Uy  true,  ib  long  as  their  Sounds  (be 
(bey  never  fo  many)  be  in  continual  Proportion ;  that  is,  e^ich  to  the  next 
iiiblequent  in  the  umc  Prc^portion.  • 

For  it  hath  been  long  iince  demonftrated,  that  there  is  no  fuch  thing  as 
a  juft  Hetniione  pra6^ab\c  in  Mtj/lck  (and  the  like  for  the  Divifion  of  a  Tone 
into  any  Number  of  equal  Parts;  three,  four  or  more.)  For,  fuppofing 
the  Proportion  of  a  Tone  or  Full  Note^  to  be  \  (or,  as  9  to  8)  that  of  the 
Half-Note  muft  be  as  V  9  to  V  8  ^  th^  is,  as  j  to  </  8.  (or  3  to  2  V  2) 

^ich  are  Incommenfurahk  Quantities  :  And  that  of  ^  Quarter-Note^  as  ^  9, 

to  V  S)  which  is  yet  more  Incommenforate^  And  the  like  for  any  other 
Number  of  equal  Parts ;  which  wUl  thesefore  never  faU  in  with  the  Pro- 
portions of  Number  to  Number. 

So  that  this  can  never  be  perfectly  adjufted  for  ^  Keys  (without  fomewbat 
of  Bearing)  by  muldplying  Pipes ;  unlels  we  would  for  every  Key^  (or  every 
different  Seat  of  wi)  have  a  different  Set  of  Pipes^  of  which  this  pr  that  is  to 
be  ufed  according  as  (in  the  Compofition)  mi  is  fuppofed  to  (land  in  this 
or  that  Seat.  Which  vaft  Number  of  Pipes^  (for  every  OSave)  would  vaftly 
incrcafi;  the  Charge;  and  (when  all  is  done)  make  the  whole  imprafti- 
cable. 

VoL.L  Kkkk  V.  S. 
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^h!i^T^^^    V.  S.  Sahetit\  about  4  Years  ago,  mvented  a  New  Tuning  of  the  Antienit 
by  s,  saivetti/   Lyra-Vtol  with  the  ufual  1 3  StringT\  by  Means  of  which  Tuniftg^  it  is  rendcr*d 
Au^.'Anfi6^i  ^^Uy  perfed,  fo  that  you  may  cxprefs  upon  it  all  Concords j  DifcordsyZtid  ^fo 
'  the  ImperfeSl  Concords^  as  /event bs^  ^tbsi  &?^.:  as  well  as  upon  any  Virginal 
that  hath  the  Quarters  of  Notes  upon  it.    'Tis  true,  'tis  only  for  melan- 
choly and  paffionate  Matter,  and  not  for  Divi/lonj  as  is  the  proper  Nature 
of  the  Lyra.     1  fliall  only  add,  that  with  the  abovefaid  Tunings  it  afcends  in 
jilt  as  high  as  G-fol-re-ut ;  and  defcends  as  low  as  D^k  C-fa-ut  \  and  can 
make  every  where  the  fame  Concords  as  .above. 

The  Strange  Bf'      ^^'  ''  ^  ^^^  ^^  for  granted,  that  n^uch  of  the  Reports  concerning  the 
feaireporttdof  gfcat  EfFcfts  of  M^r/t  in  former  Times,  beyond  what  is  to  be  found  in  lat- 
mfrimes^'i^'-  tcr  Agcs,  is  highly  Hyperbolical  and  next  door  to  Fabulous  ;  and  therefore 
amimdi  h  P'.  great  Abatements  muft  be  allowed  to  the  Elogies  of  their  Mufick. 
rSy.  Aug!''       2.  We  muft  confider.  That  Muftck  (to  any  tolerable  Degree)  was  then  (if 
An.  169S        not  a  new,  at  leaftj  a  rare  Thing,  which  the  Rufticks,  on  whom  it  is  re- 
ported to  have  had  fuch  EfFedts,  had  never  heard  before  -,  and  on  fuch,  a  little 
Mufick  will  do  great  Feats ;  as  we  find  at  this  Day  a  Fiddle  or  a  Bag-pipe 
at  a  Country  Morice  Dance. 

3.  We  are  to  confider,  that  their  Mufick  (even  after  it  came  to  fomc  good 
Degree  of  Perfeftion;  was  much  more  plain  and  fimple  than  ours  now-a-days. 
They  had  not  Conforts  of  two,  three,  four  or  more  Parts  or  Voices :  But  one 
fingle  Voice  or  fingle  Inftrumcnt  apart  "which  to  a  rude  Ear,  is  much  mor^ 
taking  than  more  compounded  Mufick.  For  that  is  at  a  Pitch  not  above 
their  Cap^acity ;  whereas  this  other  confounds  it,  with  a  great  Noifc,  bur 
nothing  diftinguilhable  to  their  Capacity. 

4.  We  are  to  confider,  that  Mufick  with  the  yintients  was  of  a  larger  Ex- 
tent than  what  we  call  Mufick  now  a  days :  For  Poetry  and  Dancing  (or  come^ 
ly  Motion)  were  then  accounted  Parts  of  Mufick  when  Mufick  arrived  to  fome 
Perfection.  Now  we  know  that  Verfc  of  itfelf,  if  in  good  Meafures  and  af- 
fcftionate  Language,  and  this  fet  to  a  Mufical  Tune^  and  fung  by  a  decent 
Voice,  and  accompanied  but  with  fift  Iftftrumental  Mufickj  if  any,  luch  as  not 
to  drown  or  obfcurc  thtempbatick  Exprcflions  (like  what  we  call  Recitative 
Mufick)  will  work  ftrangely  upon  the  Ear,  and  move  all  Afieftions  fuitable 
to  the  Tune  and  Ditty  •,  (^whether  brifk  anid  pleafant,  or  foft  and  pitiful,  or 
fierce  and  angry,  or  moderate  and  fedate)  cfpecially  if  attended  with  a  Gefture 
and  ASion  fuitable.  For,  'tis  well  known,  that  fuitable  A3ing  on  a  Sfage 
gives  great  Life  to  the  Words.  Now  all  this  together  (which  were  all  Ingre- 
dients in  what  they  called  Mttfick)  muft  needs  operate  ftrongly  on  the  Fan- 
cies and  AfFedlions  of  ordinary  People  unacquainted  with  fuch  kind  of 
Treatments.  For  if  the  deliberate  reading  of  a  Romance  fwhen  well 
penn'd)  will  produce  Mirth,  Tears,  Joy,  Grief,  Pity,  Wrath,  or  Indignation 
fuitable  to  the  refpedtive  Intents  of  it ;  much' more  would  it  fo  do,  if  accom- 
panied with  all  thofe  Attendants. 

5  You 
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5.  You  will  alk,  perhaps,  why  may  not  all  this  be  now  done,  as  well  as 
then  ?  I  anfwer,  no  doubt  it  may,  and  with  like  Eife6t,  if  an  Addrefs  be 
made  in  proper  Words,  with  moving  Accents  in  juft  Meafures,  {Poetical 
or  Rbeioricat)  with  thtempbaiickff^ords^  Words  fct  in  fignal  Places,  pronoun- 
ced with  a  good  Voice,  and  a  true  Accent,  and  attended  with  a  decent  Ge- 
ikire:  all  thefe  fuitably  adjufted  to  the  Paflion,  AfFeftion,  or  Temper 
of  Mind,  particularly  defigned  to  be  produced,  (be  it  Joy,  Love,  Grief,  Pi- 
ty, Courage  or  Indignation  j  will  certainly  now  as  well  as  tben^  produce  great 
Effe£b  upon  the  Mind,  efpecially  upon  a  Surprize,  and  where  Perfons  are 
not  otherwife  pre-engaged ;  and  if  fo  managed,  as  that  you  be  (or  feem 
to  be)  in  eameft ;  and  ifnot  over-adled  by  apparent  Affedlation. 

6.  We  are  to  confider,  that  the  ufual  Defign  of  what  we  now  call  Mufick^ 
is  very  different  from  that  of  the  Aitients,  What  we  now  call  Mufick  is 
but  what  they  called  Harmonick  \  which  was  but  one  Part  of  their  Mufick^ 
(confifting  of  Words,  Verfe,  Voice,  Tune,  Inftrument,  and  Afting ;)  and 
we  are  not  to  exped  the  fame  EfFed  of  one  Piece,  as  of  the  whole. 

.  7.  When  Mifick  arrived  to  great  Perfection,  it  was  applied  to  particular 
Deiigns  of  exciting  this  or  that  particular  Affection,  PafTion,  or  Temper  of 
Mind ;  the  Tunes  and  Meafures  being  fuitably  adapted  to  fuch  Deiigns. 
But  fuch  Defigns  feem  almoft  quite  negledled  in  our  prefent  Mufick  The 
chief  Defign  now,  in  our  moft  accomplilhed  Mufick^  being  to  pleafe  the  Ear; 
when  by  a  iweet  Mixture  of  different  Parts  and  Vinces^  with  Cadencies  and 
CwrrW  intermixed,  a  grateful  Sound  is  produced,  which  only  the  judicious 
Mufician  can  difcern  and  diftinguifh. 

8.  Tis  true,  that  even  this  Compound  Mufick  admits  of  different  CharaSiers : 
fome  are  more  brifk  and  airy ;  others  more  fedate  and  grave  \  others  more 
languid  ;  as  the  different  Subjedts  do  require.  But  that  which  is  moft  pro- 
per to  excite  particular  Paffions  or  Bifpojitions^  is  fuch  as  is  more  Simple^  and 
Uncompounded ;  fuch  as  a  Nurfe's  languid  Tune^  lulling  her  Babe  to  fleep  ;  or  a 
continual  Reading  in  an  Even  Tone ;  or  even  the  foft  Murmur  ofa  little 
Rivulet,  running  upon  Gravel  or  Pebbles,  inducing  a  quiet  Repofe  of  the 
Spirits :  And  contrariwife,  the  Brifkncfs  of  a  Jigj  on  a  Kit  or  Fiolin,  exci- 
ting to  dance.  Which  are  more  operative  to  fuch  particular  Ends,  than  an 
Elaborate  Compjition  of  Full  Muftck. 

9.  To  conclude  5  If  we  aim  only  at  pleafing  the  Ear]  by  a  fweet  Concert^ 
I  doubt  not  but  our  Modern  Compofttions  may  be  equal,  if  not  exceed  thofc 
of  the  Antients  \  amongft  whom  I  do  not  find  any  Foptfteps  of  what  we 
call  feveral  Parts  or  Voices,  (as  Bafe^  Treble^  Mean^  &c.  fung  in  Concert) 
anfwering  each  other,  to  complete  the  Mufick.  But  if  we  would  have  our 
Mufick  fo  adjufted,  as  to  excite  particular  Paffions,  Affedions,  or  Tempers 
of  Mind,  (as  that  of  the  Antiefits  is  fuppofed  to  have  done;  we  muft  apply 
more  fimple  Ingredients,  fitted  to  the  Temper  we  would  produce.  And 
this,  I  doubt  not,  but  a  Judicious  Compofer  may  fo  effeft,  that  '[with  the 
Help  of  fuch  Ihperboles,  as  with  which  the  Antient  Mufick  is  wont  to  be  fet 
off  J  our  Mufick  may  be  faid  to  do  as  great  Feats  as  any  of  theirs. 

VII.  Ac' 
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